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those from SDSU campus at Brookings and SDSU Extension that contribute toward the work done at the farm 
including Sandeep Kumar, Péter Kovács, Jason Clark, Sara Bauder, Anthony Bly, David Karki, Paul O. Johnson, 
Dave Vos, Jill Alms, Emmanual Byamukama, Dalitso Yabwalo,  Graig Reicks, Sharon, Clay, Melanie Caffe, Adam 
Varenhorst, John McMaine, Gared Shaffer, Febina Mathew, Julie Walker, Warren Rusche, Zachary Smith, Bob 
Thaler, Crystal Levesque, and many more.  The Nutrient Research and Education Council, the South Dakota Oilseed 
Council, the Soybean Council, and the Corn Council, support the farm through research grants and need to be 
acknowledged for their help.  Our friends at the USDA/NRCS also support research at the farm and work with us on 
outreach activities – so I want to acknowledge them as well.   
 
The members of the farm board – Al Novak, Gordon Anderson, David Ostrem, John Fahlberg, Jonathan Hagena, 
Todd Bye, Lee Brockmueller, Travis Machmiller, Norm Uherka, Chuck Wirth, Shane Merrill, Shane Nelson, Greg 
Kleinhans, and Harley Lerseth need to be acknowledged for their critical contribution to the research farm and its 
continued success.  They play an important role in guiding the farm’s research work and allocation of resources. 
 
Support of the Ag Experiment Station at SDSU lead by Dr. Bill Gibbons, David Wright, Dept. Head Agronomy, 
Hort. and Plant Science, and Joe Cassidy, Dept. Head Animal Science, have also been important for the farm’s 
operation.   We look forward to continuing and expanding our interaction with SDSU faculty and college 
administrators in the coming year.  
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INTRODUCTION .................................................................................................. Pete Sexton 
          Farm Supervisor 
Let me start with a bit of advertising - our annual field days are scheduled for: 
SUMMER FIELD DAY - JULY 6th (focus on grain crops) 
FALL FIELD DAY - SEPT. 16th (focus on forages and livestock) 
If we cannot meet in-person due to virus restrictions, then we will plan to hold these field days virtually 
utilizing the internet.  One way or another, God willing, we will go forward with these programs. 
 
In thinking about the new year ahead, it’s prudent to reflect on our strategic goals as defined by the 
Southeast Farm Board: 
1) Improve character of the soil (soil quality);   
2) Achieve grain yield goals and optimize cost of production and profitability;  
3) Optimize livestock production including use of novel approaches in integrating livestock and crop 
production;  
4) Increase association membership and improve public relations and outreach;  
5) Broaden scope of research to include small-scale and beginning farmers and horticulture work 
as opportunity permits.   
Hybrid rye remains a topic of prime interest because it would help address the first three goals listed 
above.  By diversifying the rotation with a cool-season grass, it would help improve the soil.  It should 
benefit yield of the following corn and soybean crops - helping to achieve grain yield goals.  Rye provides 
grazing opportunities both of the rye itself as a forage, and also of cover crops planted after rye grain 
harvest - so there is increased potential for profitable crop:livestock integration.  The weak point of hybrid 
rye is marketing.  Nevertheless, the broader benefits this crop would bring to the whole farming system, 
and its strong agronomics (winter hardiness, resistance to diseases, moderate fertility requirements, high 
yield potential) convince us that it is worth the risk of conducting research on it.  Hopefully a strong 
market will develop.  We'll see - one day at a time.  There is risk in every stroke of the axe, but we do not 
want to let that paralyze us.   
 
The 2020 growing season (April through Sept.) was the second driest since 1953 (which is when our 
weather records start) at the Southeast Farm.  Only 2012 had less rain during those months.  Fortunately, 
we started 2020 with a full soil profile so things came out not as bad as they might have.  The dry 2020 
season was preceded by a very wet year in 2019 when many producers had trouble getting their crops 
planted.  This variability in weather is another reason to be on the lookout for new crops, like hybrid rye 
and annual forages, to diversify the cropping system and make it more resilient and profitable.   
 
I hope you find the research in the annual report to be useful and interesting.  It represents the work of 
many faculty and staff at SDSU and of the crew here at the Southeast Farm.   If you have ideas on other 
things we should work on, please let us know.  In the meantime, we go forward one day at a time thinking 
of Ben Franklin's words "distrust not Providence".   
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Weather and Climate Summary; 
SDSU Southeast Farm         
Beresford, SD 2020 
Ruth Stevens∗, Peter Sexton, 
Brad Rops, Scott Bird, Garold Williamson, 
Chelsea Sweeter, and Dr. Rueben Behnke2 
 
 The weather conditions at the SDSU 
Southeast Research Farm (SERF) can change 
quickly and 2020 was an example of that.  
After two years of above average 
precipitation, the weather pattern changed to 
severe drought during the summer and fall 
months.  Southeast Farm entered the 2020 
growing season with a full moisture profile, 
which helped lessen the effects of the 
drought during the early part of growing 
season, but as drought conditions worsened, 
crops and yields suffered from drought stress. 
  The 2020 weather, long-term climate 
information, and Ag Weather Summary2 for 
the Southeast Farm is summarized in tables 
and figures found on pages 2 thru 7. 
 Average temperatures compared to 
daily temperatures are highlighted in Figure 
1, and monthly temperature averages are 
shown in Table 1.  
 Annual precipitation at SERF was 57% 
of normal, (Table 2 and 3) with 2020 being the 
                                                          
∗ Corresponding author: Ruth.Stevens@sdstate.edu; 
2Mesonet Research Climatologist, mesonet.sdstate.edu  
second driest year in 68 years. Growing 
season precipitation measured from April 
through September was 49% of normal (9.5”).  
Eleven months recorded below average 
precipitation. The farm received 33” of 
snowfall; 16” in first half of year, and 17” in 
last half of year. 
 The coldest and hottest temperatures of 
the year were recorded on January 20 (-16°F) 
and June 3rd and 8th (99°F) respectively, a 
115-degree temperature range (Table 3).  
Frost-free season at the farm in 2020 was 146 
days on a 32°F basis and 164 days on a 28°F-
basis. The last spring frost was on May 9 
(31°F) and last freeze was on April 21 (23° 
F). The first fall frost and freeze occurred on 
October 2nd (24°F). The average annual high 
temperature was 59°F and average annual 
low temperature was 37°F; which were both 
above average (+0.8 and +1.7 degrees, 
respectively).  
  The 2020 growing season (April – 
October) accumulation of growing degree 
units (GDU’s) was 2964 units, which is 
average. Evaporation recorded at the SERF 
from May through September was 40.8” 
(Fig. 6 & 7); while receiving just 8.9” of 
rainfall during the same period.  
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  Table 1. Temperaturesa at the Southeast Research Farm - 2020 
 
 2020 Average Air 
Temps.  (°F)  
Maximum Minimum 
68-year Average 
Air Temps. (˚F) 
Maximum Minimum 
Departure from 
68-year Average (˚F) 
Maximum Minimum 
January 26.7 10.5 26.6 5.9 +0.1 +4.6 
February 33.4 14.3 32.0 11.0 +1.4 +3.3 
March 48.0 26.9 44.2 23.0 +3.8 +3.9 
April 57.6 30.2 59.9 35.0 -2.3 -4.8 
May 66.4 47.1 71.8 47.3 -5.4 -0.2 
June 86.7 62.9 81.6 58.0 +5.1 +4.9 
July 86.4 69.3 86.0 62.2 +0.4 +7.1 
August 85.2 59.2 83.8 59.4 +1.4 -0.2 
September 76.2 47.5 75.6 49.4 +0.6 -1.9 
October 55.6 29.3 63.1 37.3 -7.5 -8.0 
November 50.5 24.7 45.3 23.7 +5.2 +1.0 
December 38.1 11.8 30.8 11.6 +7.3 +0.2 























Weather data is compiled from daily observations collected by SDSU Southeast Farm 
Personnel in cooperation with South Dakota State Climatologist, South Dakota Office of 
Climatology, and the National Weather Service, Sioux Falls, SD. More climate information 
available at South Dakota Mesonet - South Dakota State University: mesonet.sdstate.edu  
  
Month























Average Low Temp. 
Frost Temperature (32 F)
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Table 2.  Precipitationa at the Southeast Research Farm - 2020 
 
a Computed from daily observations 
  
Table 3.  2020 Climate Summary Southeast Research Farm, Beresford, SD 
 
Annual Precipitation (inch) 14.54   57%*  (-11.07) 
Growing Season Precip (Apr-Sep, inch) 9.47  49%  (-9.74) 
Jan-Mar 3.20  119%  (+0.51) 
Apr-Jun 5.94 58%  (-4.43) 
Jul-Sep 3.53   40%  (-5.41) 
Oct-Dec 1.87   50%  (-1.84) 
Annual Snow (inch); (Jan-Jun/Jul-Dec) 33 16 / 17 
   
Growing Degree Units  
(GDU); Apr – Oct (50 degree basis) 2964 100% (-2) 
Minimum / Maximum Air Temp, ºF -16°F  Jan 20 99°F June 3 & 8 
Last Spring Frost; 32º  / 28º basis 31°F May 9 23°F Apr 21 
First Fall Frost; 32º  / 28º basis 24°F Oct 2 24°F Oct 2 
Frost Free Period (days);  
32º  / 28º basis 146 164 
Average Annual High / Low 59 / 37 +0.8 / +1.7 











January 0.39 0.45 -0.06 
February 0.08 0.79 -0.71 
March 2.73 1.45 +1.28 
April 0.55 2.54 -1.99 
May 2.16 3.55 -1.39 
June 3.23 4.19 -0.96 
July 1.95 3.08 -1.13 
August 1.23 3.04 -1.81 
September 0.35 2.81 -2.46 
October 0.70 1.92 -1.22 
November 0.91 1.13  -0.22 
December 0.26 0.66   -0.40 
Totals 14.54 25.61 -11.07 
 




















Figure 2. 2020 Monthly Precipitation; 
















Figure 3. 2020 Cumulative Precipitation, 
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Figure 4. 2020 Growing Degree Units (GDU's);
Southeast Farm, Beresford SD
2020
AVG 30yr+
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Figure 5.  2020 Cummulative GDU's; 
Southeast Farm, Beresford, SD
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50 degree basis, SERF 



















Figure 6. 2020 Growing Season (May-Sep) 





















Figure 7. 2020 Growing Season (May-Sep) 






N43.0526° W96.941°, 1256 ft 
2020 Ag Weather Summary 
Precipitation (May-September) 
Total 8.80 in 
Departure from Normal -5.02 in
Greatest  1.38 in, Jun 21
Days with Precipitation 37 of 153
Reference Evapotranspiration 
Total 28.32 in 
Growing Season 
Growing Degree Days 2790 
Departure from Normal  +153
Stress Degree Days 241
Frost-Free Season May 10 to Sep 30 (144 days)
Normal Season Frost-Free Season Apr 9 to Oct 27 (202 days)
Air Temperature 
Average  48°F 
Departure from Normal +1°F
Maximum 99°F, Jun 2
Minimum -16°F, Jan 20
Frost Days 170
Soil Temperature 
Average (4 in, bare) 53°F  
Maximum (4 in, bare) 94°F, Jul 21 
Minimum (4 in, bare) 29°F, Dec 20 
First ≥ 40°F Daily Average (4 in, bare) Mar 4 
First ≥ 50°F Daily Average (4 in, bare) Apr 1 
Max Frost Depth (sod) 15 in, Feb 21 
Frost-Free Season Mar 25 to Dec 1 (252 days) 
Wind 
Maximum Gust (3 second)  49 mph, Dec 23 
Maximum Speed (5 minute) 34 mph, Dec 23 
Soil Moisture (May-September) 
7
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Corn Maturity on Study                     
– 2020 Season 
Peter Sexton∗, Peter Kovacs, Chelsea 
Sweeter, and Brad Rops 
 
INTRODUCTION 
Maturity is obviously a major factor in variety 
and line selection.  For corn, we are trying to use 
as much of the season as possible to maximize 
yield, and at the same time allow a sufficient 
period for the grain to dry down to acceptable 
levels for storage.  By studying the relationship 
between yield and maturity in our environment, 
we can better estimate how much yield, if any, 
one is losing by choosing an earlier maturing 
line.  Also, one can better estimate how much 
adjustment should be made in corn maturity 
when one has to plant late.  To put things in 
perspective, in Beresford there are on average 
about 2640 GDD for corn (50°F base 
temperature) from May through September.  If 
we allow 24.5 GDD per relative maturity day, 
this corresponds to about 108 days relative 




                                                          
∗ Corresponding author: Peter.Sexton@sdstate.edu 
METHODS 
The following lines were seeded at a target rate 
















Plots were 6 rows wide (15’) by 50’ in length 
laid out in a randomized complete block design 
with four replications at each date.  Plots of each 
line were sampled five times during seed filling 
(3 ears per plot, at least one replication per 
week), from the outer rows of the plot.  Seed 
was separated from each cob until a sample of 
approximately 150 g was obtained.   Fresh 
weight was then determined and the sample 
placed into an oven (160 F) until dry (i.e. the 
weight was stable) and then weighed again to 
allow for calculation of percent moisture.  Yield 
was determined by harvesting the inner two 
rows from each plot with a Zurn small plot 
SERF AR 2002    
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combine on October 8 for the first planting, and 
on October 15, 2020 for the second planting. 
 
RESULTS 
Yields for the two planting dates for the last two 
years from this study are shown in Figure 1, and 
yields for each line are given numerically in 
Table 1. Across all the lines, the average yield 
for the first planting date was 186 bu/ac and for 
the June planting date it was 151 bu/ac, so on 
average there was a yield loss of 35 bu/ac with 
late planting in 2020.  Based on quadratic 
response curves fit to the data, the predicted 
peak yield occurs at 105 day relative maturity 
for the April 30 planting date, and at 99 days 
relative maturity for the June 8th seeding.   
Yield of the late-maturing lines suffered more 
with late planting in 2020 than they did in 2019.  
This is probably related to drought-stress during 
the latter part of the 2020 growing season.  On 
average (from 1953 until the present), the farm 
receives 19.2" of rain during the growing season 
(April through September).  In 2020 we only 
received 9.5" during the growing season - less 
than half of the average.   The developing stress 
hurt overall yields, but it especially affected 
yields of the later-maturing lines with delayed 
planting. 
Because of the late-season drought, the corn 
crop matured and dried down faster than usual 
and there was not much separation between the 
late lines and the mid-season lines in grain 
moisture for the first planting date (Table 1).  
Figure 2 shows grain moisture over time for four 
different lines differing in relative maturity for 
the first planting date, and Figure 3 shows the 
same for the second planting date.  Target grain 
moisture is going to depend on the individual 
farmer’s ability to aerate and dry grain, and on 
their market or end-use for the grain. More work 
needs to be done to fit this data to growing 
degree day values, and to repeat the study 
another year or two to get a better measure of 
how this varies from season to season.  
 
SUMMARY 
Similar to the previous year, yields tended to 
increase with length of maturity up to about 105 
days relative maturity for the early planting date 
(April 30), and up to 99 days relative maturity 
for the second planting date (June 8).  Drought-
stress in the latter part of the season appeared to 
accelerate maturity and severely impacted yield 




The authors appreciate the contributions of the 
South Dakota Agricultural Experiment Station to 
support this research. 
.   
 
 





Figure 1.  Corn grain yield versus relative maturity rating for ten lines ranging in maturity from 79 to 120 
days seeded at two dates (April 30 and June 8) at the Southeast Research Farm in the 2020 growing 
season, along with data from a similar trial conducted the previous year (2019).  The quadratic curves fit 
to the 2020 data predict that yield peaked at 105 day maturity for the late April seeding, and at 99 day 
maturity for the early June seeding in this trial.  In 2019 the optimum for the May 15 planting date was 
104 day maturity, and for the June 12 planting date it was 96 to 99 days relative maturity. 
  
CORN RELATIVE MATURITY (d)
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Table 1.  Stand, 100-seed wt., moisture, test weight, and grain yield for corn hybrids ranging from 79 
days relative maturity up to 120 days relative maturity seeded at two different planting dates (April 30 
and June 8) at the Southeast Research Farm in Beresford, South Dakota in 2020.  Plots from the April 30 










April 30  (d) (plts/ac) (g) (%) (lb/bu) (bu/ac) 
Planting P7940AM 79 29766 26.1 10.3 61.8 152.0 
 P8639AM 86 28677 27.7 11.2 59.3 173.4 
 P8989AM 89 29403 31.5 10.9 61.3 181.0 
 P9608AM 96 28677 31.0 11.2 62.2 190.6 
 P9929AM 99 30129 31.7 11.6 59.9 192.5 
 P0339AM 103 28677 27.3 11.9 60.2 197.3 
 P0547AM 105 28677 33.8 13.6 60.0 205.3 
 P0919AM 109 25773 27.9 13.0 61.0 184.9 
 P1498AM 114 29766 28.6 15.0 60.8 204.2 
 P2089AM 120 27225 27.4 15.9 58.6 179.5 
        
  mean 28677 29.3 12.4 60.5 186.1 
  CV (%) 4.1 5.9 7.4 0.8 8.0 
  P-value <0.01 <0.01 <0.01 <0.01 <0.01 
  
LSD 
(0.10) 1424 2.1 1.1 0.6 18.0 
        










June 8  (d) (plts/ac) (g) (%) (lb/bu) (bu/ac) 
Planting P7940AM 79 26862 25.7 10.1 59.8 133.7 
 P8639AM 86 26862 25.3 9.2 56.3 152.1 
 P8989AM 89 27225 28.7 11.8 58.0 148.9 
 P9608AM 96 26862 32.4 15.0 58.7 164.0 
 P9929AM 99 28314 31.1 13.1 56.2 160.3 
 P0339AM 103 26499 26.8 13.8 56.0 168.6 
 P0547AM 105 26136 32.1 16.2 56.2 172.2 
 P0919AM 109 27225 28.6 17.8 56.0 162.3 
 P1498AM 114 26136 29.1 20.6 54.6 140.2 
 P2089AM 120 25410 37.8 26.2 52.8 111.6 
        
  mean 26753 29.7 15.4 56.5 151.4 
  CV (%) 7.6 9.5 11.4 1.8 12.4 
  P-value NS <0.01 <0.01 <0.01 <0.01 
  
LSD 
(0.10) --- 3.4 2.1 1.2 22.6 

































































































































Fig. 2.  Grain moisture plotted over time for corn hybrids of 86, 96, 105, and 114 days relative maturity 
that were part of a larger study planted on April 30, 2020 at the Southeast Research Farm in Beresford, 












Fig. 3.  Grain moisture plotted over time for corn hybrids of 86, 96, 105, and 114 days relative maturity 
that were part of a larger study planted on June 8, 2020 at the Southeast Research Farm in Beresford, 
South Dakota.  Dashed horizontal lines correspond to 15.5 and 20 % moisture. 
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Impact of a Rye Cover Crop on 
Corn Grain Yield and Drainage 
Water Quality – 2020 Season, a 
Work in Progress 
 
Peter Sexton∗, Sandeep Kumar, Shannon 
Osborne, Mike Lehman, Anthony Bly,                      




The larger purpose of this project is to evaluate 
the effect of using a winter rye cover crop within 
a corn/soybean rotation (rye seeded every fall 
and burned down each spring) on soil and 
drainage water quality, and on grain yields.  
Interest in tile drainage has increased 
dramatically in eastern South Dakota over the 
last 15 years.  Concomitant with this, there is 
increasing concern about the impact of fertilizer 
use on drainage water quality.  Nationally, 
concern has grown about the effect of loss of 
nutrients, particularly nitrate, from fields in 
drainage systems and its effect on downstream 
watersheds.  Use of a winter rye cover crop to 
take up available N from the soil profile is a 
management tool that may help to address this 
problem while at the same time contributing to 
improved soil health.  Winter rye is very winter 
hardy and grows aggressively in the early 
spring, providing a living root system to absorb 
mobile nutrients in the late fall and spring up 
                                                          
∗ Corresponding author:  Peter.Sexton@sdstate.edu 
until planting.  As a cover crop, it can not only 
sequester N from leaching but will add organic 
matter to the soil.  As it grows it will use some 
moisture and may improve trafficability for 
spring planting – potentially lessening the need 
for artificial drainage to allow for crop 
establishment.  With these potential benefits in 
mind a three year study was initiated to measure 
the impact of a rye cover crop on nitrate 
concentrations in tile drainage water, on soil 
health as indicated by the Haney soil test, and on 
grain yield.  This is the third year of the study 
and analysis is still in progress on soil and water 
samples from the growing season, so this report 
is limited to treatment impacts on grain yield in 




This trial was conducted at the SDSU Southeast 
Research Farm in Beresford, South Dakota on a 
Ethan silty clay loam soil.  It was set up as a 
randomized complete block design with two 
treatments and six replications in order to 
minimize problems with soil variability across 
the study site.  The treatments were a control (no 
cover crop) and a rye cover crop seeded after 
grain harvest.   The trial was established in a set 
of tile drainage plots that had been instrumented 
to measure depth of water in the tile line with 
control structures to allow for weekly 
acquisition of water samples.  All the plots were 
allowed to drain (none of the control structures 
were closed).   ‘Hazlett’ rye was seeded into 
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soybean stubble at a seed rate of 50 lb/ac on 24 
October, 2019.  The rye was sprayed out on 06 
May, 2020 with a mixture of glyphosate, 
metribuzin, saflufenacil, and metolachlor 
herbicides.  Corn was seeded at a rate of 32,000 
seeds per acre in 30” rows on 07 May, 2020.  
Fertilizer was applied as follows:  Urea 174 
lb/ac (80 lbs N); UAN 20 gal/ac (58 lbs N).  At 
harvest maturity, an area of 20’ by 180’ was 
taken from the center of each plot for 
determination of grain yield.   
 
RESULTS and DISCUSSION 
 
The year was marked by drought during the 
latter half of the growing season.  On average 
(from 1953 through 2020) the farm receives 
19.5" of rain during the growing season (April 
through September).   In 2020 we received 
slightly less than half this amount (9.5").  Plant 
height, 100-seed weight, and yield for the 
control and rye cover crop plots are shown in 
Table 1.  Other than a slightly heavier test 
weight in the cover crop plots, there were no 
significant differences between the two 
treatments for the yield variables measured.  In 
the previous two seasons we have seen a slight 
yield bump (P<0.10) of about 3 bu/ac in the corn 
and soybean plots following a rye cover crop.  
This season the growth of the rye cover crop 
ahead of herbicide treatment and corn planting 
was minimal (< 150 lb shoot dry matter per 
acre).  October and November of 2019 were 
cooler than average, and between the cool wet 
fall conditions and not wanting to delay corn 
planting in the spring, the rye cover crop was not 
able to put on much growth. 
 
Water samples were drawn weekly from the 
control structure for each plot for the duration of 
the season.  These samples were frozen within 
24 hours of being sampled and are still being 
worked through.  This data, and data on soil 
quality (as measured by the Haney test), will be 
reported once the study is completed and all the 




The authors appreciate the contributions of the 
Nutrient Research and Education Council 
(NREC), USDA/NRCS, and the South Dakota 
Agriculture Experiment Station to support this 
research. 
 
Table 1.  Stand, 100-seed weight, grain moisture, test weight, and yield for corn plots raised with and 
without a rye cover crop in a corn/soybean rotation at the SDSU Southeast Research Farm in Beresford, 




Wt. Moisture Test Wt. Yield 
 (plt/ac) (g) (%) (lb/bu) (bu/ac) 
Control 26136 29.6 11.9 58.7 182 
Rye Cover Crop 26862 29.4 12.1 58.9 179 
      
mean 26500 29.5 12 58.8 180.3 
CV (%) 9.4 5.4 2.0 1.0 5.2 
P-value NS NS NS <0.02 NS 
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Soybeans are a short-day, photoperiod sensitive 
crop.  They track day length and as days get 
shorter, they are triggered to begin reproductive 
growth.  The later they are planted, the faster 
their development is accelerated, so to a point 
they shorten their lifecycle to compensate for 
late planting.  This raises the question of how 
much should a person adjust the maturity of 
their soybean lines when circumstances force 
late planting.  To help gather local data to 
address this question a set of plots with lines of 
differing maturity groups were established at the 





Soybean lines ranging in maturity group from 
0.5 to 2.8 were seeded with a small plot drill on 
May 20, and June 16, at the Southeast Research 
Farm in Beresford.  Plot size was 5’ by 20’ and 
the plots were laid out in a randomized complete 
block design with four replications.  The plots 
seeded in May were harvested on September 22, 
and the plots seeded in June were harvested on 
September 29, 2020.   
 
 
RESULTS and DISCUSSION 
 
The 2020 season was marked by a drought that 
started in mid-July and grew more severe as the 
season progressed.  Growing season rainfall was 
about half of average (9.5" versus a long-term 
average of 19.2" for the April through Sept. 
period).  The drought stress dropped yields 
overall and accelerated maturity at the end of the 
season.  Yields for the May 20 planting date 
averaged 42.5 bu/ac while yields for the June 16 
planting date averaged 31.2 bu/ac.   
 
In this environment with progressively more 
severe drought stress the potential advantage of 
later maturity would have been lost.  In this 
season, it appears that the genetics of the 
individual lines outweighed the effect maturity 
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Table 1.  Soybean yield data from a maturity group by planting date study conducted at the Southeast 
Farm in 2020.  Soybeans were planted at two dates: May 20 and June 16.  Note that this season was 
marked by drought at the end of the crop's lifecycle.  Later maturity did not help yield in this case.  The 















   (in) (plts/ac) (g) (%) (lb/bu) (bu/ac) 
AG05X9 0.5 7.7 23.6 153912 13.9 10.7 58.9 39.6 
AG11X8 1.1 7.2 26.0 151008 12.0 9.9 59.2 39.4 
P14A23L 1.4 6.7 28.5 156816 13.7 10.5 60.3 50.6 
AG17X8 1.7 6.8 30.4 151008 15.1 10.3 59.2 44.2 
P21A81L 2.1 6.6 29.8 136488 13.3 10.2 60.4 41.9 
S22GL89 2.2 6.4 29.4 139392 11.3 10.9 61.6 38.8 
S26GL30 2.6 6.2 30.5 159720 14.3 11.8 61.2 42.8 
S28XT58 2.8 5.9 32.4 182952 14.2 13.0 59.1 42.5 
         
 mean 6.7 28.8 153900 13.4 10.9 60 42.5 
 CV (%) 2.3 7.8 20.5 10.3 4.1 0.6 7.1 
 P-value <0.01 <0.01 NS <0.05 <0.01 <0.01 <0.01 
 
LSD 
















   (in) (plts/ac) (g) (%) (lb/bu) (bu/ac) 
AG05X9 0.5 6.2 24.3 188760 11.9 10.5 54.0 30.9 
AG11X8 1.1 6.1 26.6 194568 11.4 10.0 55.4 28.0 
P14A23L 1.4 5.9 27.6 194568 12.4 10.7 55.2 33.2 
AG17X8 1.7 6.0 29.8 191664 12.8 11.1 54.9 32.1 
P21A81L 2.1 5.6 30.0 153912 12.3 10.0 55.5 27.5 
S22GL89 2.2 5.6 29.4 145200 11.7 12.0 54.9 27.8 
S26GL30 2.6 5.5 30.6 188760 12.7 13.6 54.0 32.4 
S28XT58 2.8 5.1 27.7 235224 14.1 19.8 51.8 37.4 
         
 mean 5.7 28.2 186600 12.4 12.2 54.5 31.2 
 CV (%) 4 6.9 20.5 5.2 17.9 2.1 11.3 
 P-value <0.01 <0.01 <0.10 <0.01 <0.01 <0.01 <0.01 
 
LSD 
(0.10) 0.3 2.4 46500 0.8 2.7 1.4 4.3 
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Corn Row Width and Seeding Rate 
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Williamson, Chelsea Sweeter,                                     
and Brad Rops 
 
INTRODUCTION 
The effect of row width on corn yield has been 
studied in the past, but given the greater yield 
potential and higher seeding rates used with 
current-day hybrids, it was felt that it may be 
useful to revisit this topic.  Also, there is 
increased interest in looking at wider row widths 
in order to facilitate inter-seeding of cover crops 
into corn.  Understanding the effect of row width 
on yield would be helpful for those interested in 
either widening or narrowing their row spacing.      
METHODS 
The line 'P0421AM’ was seeded at a depth of 
2.5" on 15 May, 2020 at the Southeast Research 
Farm.  Treatments consisted of row widths of 
30, 45, and 60" at seed rates of 21,000, 28,000, 
and 35,000 seeds per acre.  A treatment with 15" 
rows at a seed rate of 35,000 was also included.  
Plots were 30’ wide by 45’ in length laid out in a 
randomized complete block design with three 
replications.  Yield was determined by 
harvesting the inner two rows from each plot 
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with a Zurn small plot combine on October 19, 
2020. 
RESULTS 
Plant stands for the different row width 
treatments matched target seed rates (Fig. 1).  
The yield response to row width was similar 
across the different seed rates showing a decline 
of 0.51 to 0.63 bu/ac per inch of increase in row 
width from 15" to 60" (Fig. 2).  When the yield 
data were plotted against seed rate for the 30" 
row width along with the wider row widths (45" 
and 60"), the trend lines did not intersect or 
narrow together at the higher seed rates, 
implying that increasing seed rate would not 
make up for wider row spacing (Fig. 3). 
SUMMARY 
A field trial conducted at the Southeast Research 
Farm with a range of row spacings (15" to 60"), 
and three different populations (21,000, 28,000 
and 35,000 seeds per acre), showed trends for a 
0.51 to 0.63 bu/ac yield loss for every inch the 
row spacing was increased across the different 
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Figure 1.  Stands versus for target seed rate for corn grown at three different row widths in a study 











Figure 2.  Corn grain yield versus row spacing at three different seeding rates in a study conducted at the 
Southeast Research Farm in the 2020 growing season.  The data point for the 21,000 seeds/ac seed rate at 
a 45" row width was dropped as an outlier.  Note the consistent trend for yield to decline from 0.5 to 0.6 
bu/ac per inch of increased row spacing. 



































Figure 3.  Corn grain yield versus row seeding rate at three different row widths.  The response at the 45” 
and 60" row spacings were similar enough that those two sets of data were pooled together.  The data 
point for the 21,000 seeds/ac seed rate at a 45" row width was dropped as an outlier.  The regression line 
was forced through the origin in this analysis.  Note that the two lines do not cross or narrow together, 
suggesting that increasing the seed rate would not have made up for wider row spacing in this study.   
ACKNOWLEDGEMENT  
 












SERF AR 2006 
20 
 
SOUTHEAST RESEARCH FARM ANNUAL REPORT 
South Dakota State University 
2020 Progress Report 
Agricultural Experiment Station 
Plant Science Department 
South Dakota State University, Brookings, SD 57007 
Southeast Research Farm, Beresford, SD 57004 
 
Observation of the Effects of 
Winter Annual versus Summer 
Annual Cover Crops with Different 
Spring Herbicide Treatments on 
Corn Yield 
 
Peter Sexton∗, Chelsea Sweeter,                                    





In a corn/soybean/small grain rotation there is an 
opportunity to raise cover crops after small grain 
harvest and ahead of the corn crop.  There are 
many facets to the question of what cover crops 
to raise and the most advantageous ways to 
manage them.  Previous work at the Southeast 
Research Farm suggests that in the absence of 
grazing, corn does better after a cool-season 
broadleaf blend (brassicas and legumes) than 
after a grass-based blend.  Besides the question 
of broadleaves versus grasses, there is also the 
question of whether to select winter annuals 
such as rye and hairy vetch which will survive 
and grow in the following spring, versus 
summer annuals such as radishes and oats that 
will usually winter kill.  This study was 
conducted to gather data comparing use of 
summer annuals (radish only, and also a blend of 
summer annuals) versus use of a winter 
rye/hairy vetch cover crop.  We also included a 
treatment where the blends were banded two 
rows of the rye/vetch blend followed by two 
rows of the radishes on a 7.5" row width.  Four 
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different spring weed control treatments were 





The study was conducted at the Southeast 
Research Farm with the previous crop being 
oats.  Cover crop plots were planted in 15' wide 
plots 400' long on 23 August, 2019, with five 
replications in a randomized complete block 
design.  Cover crop treatments were as follows: 
 
The cool-season broadleaf mix (treatment 2) 
consisted of the following mix:   
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In the spring of 2020, the following herbicide 
treatments were applied perpendicularly to the 
cover crop plots (strip-split plot design), with 
each strip 30' wide and replicated 3 times.   
All plots were fertilized with 80 lbs/ac of N as 
urea on April 7 with another 58 lbs of N/ac 
sidedressed as UAN on June 12.  The whole 
field received a post-emergence application of 
glyphosate on June 11 and atrazine (0.4 lb/ac) 
with mesotrione (3 oz/ac) on 19 June, 2020.  At 
harvest maturity, the inner two rows of each plot 
were harvested with a Zurn small plot combine.  
Data were initially analyzed as a split plot 
design (cover crop as the main plot and 
herbicide as the subplot); because of cover crop 
by herbicide interactions (P < 0.10), the two 
factors were then analyzed separately (cover 
crops within herbicide treatments and vice 
versa). 
RESULTS and DISCUSSION 
Both cover crop and herbicide main effects were 
statistically significant despite the presence of 
cover crop by herbicide interactions (Table 1).  
Among the cover crops, the radish treatment 
gave the highest yields in the following corn 
crop.  This was followed by the control and 
broadleaf mix treatments which provided similar 
yields, with the winter annual materials (rye and 
hairy vetch) giving the lowest yields among the 
cover crops tested.  The banded treatment with 
winter annuals (corn being planted in the radish 
rows between the rye:vetch bands) were 
numerically 5 bu/ac higher than where the 
winter annuals were planted in a blend across 
the whole area.  When cover crop treatments 
were analyzed within herbicide treatments, the 
same trends held true.  For each of the four 
herbicide treatments, corn following a radish 
cover crop showed the highest numeric yield, 
and the rye:vetch blends tended to show lower 
yields (Table 3).  The broadleaf mix tended to 
yield similar to the control, except in the 
treatment that included 2,4-D, which may be an 
anomaly.  The lower yields in the rye:vetch 
mixture inidicate this type of cover crop needs to  
be managed differently - perhaps earlier 
burndown to prevent N sequestion and 
allelopathic effects, or perhaps more N is 
required to make the winter annual system 
successful in our environment.  This will have to 
be the topic of future research. 
Comparing the herbicide treatments within each 
cover crop, the glyphosate-only treatment gave 
as good or better yields than did the preplant 
burndown mixture.  This field does not have a 
history of glyphosate resistant weeds, and it has 
been relatively weed-free in previous seasons.  
In this situation, glyphosate by itself was 
adequate for initial weed control. The mowing 
treatment did particularly poorly with the winter 
annual cover crop as it allowed for them to 
regrow and compete with the developing corn 
crop.    
CONCLUSION 
In this study, corn showed an 8 bu/ac yield 
benefit following a radish cover crop relative to 
the control treatment (no cover crop).  Use of a 
winter annual rye:vetch blend tended to decrease 
yield of the following corn crop.  More research 
will be needed on management of winter annual 
cover crops to be able to utilize them without 
decreasing corn yields in our environment. 
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Table 1.  Main effects from a factorial trial evaluating five different cover crop treatments with four 
different pre-plant/preemergence weed control measures.  All plots received the same post-emergence 
herbicide application (atrazine plus Callisto).  Means followed by different letters are significantly 
different at the 0.10 level of significance.  The preplant burndown mix consisted of Dual, Sencor, Sharpen 
and glyphosate. 
Treatment 
Main Effects Moisture  Test Wt.  Yield  
Cover Crop (%)  (lb/bu)  (bu/ac)  
Radish 10.9 b 60.5 a 163 a 
Control (no cover crop) 11.1 b 59.9 b 155 b 
Broadleaf Mix 10.9 b 60.3 ab 153 b 
Banded - rye/vetch/radish 11.2 b 59.9 b 142 c 
Blended - rye/vetch/radish 11.6 a 59.9 b 137 c 
       
       
Herbicide       
Glyphosate 11.1 b 60.2 ab 164 a 
Preplant Burndown Mix 11.1 b 60.3 a 156 b 
Burndown Mix w/ 2,4-D 10.6 c 60.1 ab 144 c 
Mow 11.9 a 59.7 b 131 d 
       
Mean 11.1  60.1  150.0  
CV - Herbicide (%) 7.7  1.8  11.7  
Herbicide P-value <0.01  <0.05  <0.01  
Cover Crop P-value <0.01  <0.10  <0.01  
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Table 2.  Analysis of different cover crops within herbicide treatments.  Because there was some cover 
crop by herbicide interaction (P<0.10), cover crops were compared within herbicide treatments.  The 
radish cover crop consistently was the numeric top-yielder for the following corn crop.  The rye/vetch 
cover crops were lower yielding suggesting they should have been terminated earlier or perhaps more N 
was needed in those plots.  The broadleaf mix did poorly in the 2,4-D treatment for reasons which are 
unclear. 
 
 Glyphosate  
Preplant 
Burndown  w/ 2,4-D  Mow  
         
Radish 179 a 170 a 152 a 145 a 
Control (no cover crop) 174 a 158 b 150 ab 135 a 
Broadleaf Mix 168 a 160 ab 139 c 144 a 
Banded - rye/vetch/radish 154 b 151 bc 140 bc 117 b 
Blended - rye/vetch/radish 145 b 141 c 141 bc 118 b 
         
Mean 164.1  156  144.3  131  
CV (%) 11.8  12.6  10.4  11.9  
P-value <0.01  <0.01  <0.10  <0.01  
 
 
Table 3.  Analysis of different herbicide treatments for each of five different cover crop treatments.  
Because there was some cover crop by herbicide interaction (P<0.10), herbicides were compared within 
cover crop treatments.  Mowing led to poor weed control during the early part of the season.  Herbicide 
treatments were applied April 27, and the field was planted on May 1.   
 











Glyphosate 179 a 174 a 168 a 154 a 145 a 
Burndown Mix 170 a 158 b 160 a 151 ab 141 a 
Burndown Mix + 2,4-D 152 b 150 b 139 b 140 b 141 a 
Mow 145 b 135 c 144 b 117 c 118 b 
           
Mean 163.3  155.3  153.4  141.6  136.9  
CV (%) 11.7  12.1  13.8  14.8  18.7  
P-value <0.01  <0.01  <0.01  <0.01  <0.10  
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Soybean Row Width Observation – 
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INTRODUCTION 
Previous work at the Southeast Research Farm 
has shown mixed results with soybeans drilled 
versus planted in 30" rows.  Planting in narrower 
rows leads to the canopy closing faster and 
increased utilization of sunlight and improved 
competition with weeds.  On the other hand, 
narrow rows decrease air circulation within the 
canopy which may contribute to more disease 
pressure, particularly from white mold.  As a 
way to balance the two sides of this problem, it 
was decided to try planting with a drill and 
plugging every third row - so two rows are 
planted, then a gap, and then two more rows are 
planted and so on.  This means then that each 
row has a 15" gap on one side, and 7.5" gap on 
the other.  Effectively this is using twin rows on 
22.5" center.    
METHODS 
This trial was laid out as an RCBD with five 
replications.  Plot size was 15' by 210'.  There 
were two treatments: soybeans planted in 30" 
rows with a Monosem NG+66 planter, and 
soybeans planted in a 7.5" - 15" - 7.5" pattern 
with a John Deere 750 no-till drill (i.e. every 
third row was plugged).  The soybean line 
'S22GL89' was planted on May 13, 2020 at a 
seed rate of 190,000 seeds/ac with drill and 
155,000 seeds/ac with planter. Plots were 
harvested by taking the center 10' out of each 
plot on September 22, 2020. 
RESULTS 
Initial growth was very good, but the latter part 
of the season was marked by drought stress, 
which limited yield potential.  The average yield 
in the plot area was 50.4 bu/ac with the drilled 
plots yielding 51.2 bu/ac and the beans planted 
in 30" rows yielding 49.6 bu/ac (Table 1).  This 
represents a yield advantage of 1.6 bu/ac for the 
drilled beans (P < 0.10).   
ACKNOWLEDGEMENT 
The authors appreciate the contributions of the 
South Dakota Agricultural Experiment Station to 
support this research. 
 
  
                                                          
∗ Corresponding author: Peter.Sexton@sdstate.edu 
SERF AR 2007    
25 
 
Table 1.  Stand at maturity, moisture, test weight, and grain yield of soybeans planted in 30" versus 
drilled (alternating 7.5" and 15" row widths - essentially paired rows on 22.5" centers) from a trial 
conducted at the Southeast Research Farm in Beresford, South Dakota, in 2020. 





 (plt/ac) (%) (lb/bu) (bu/ac) 
Drilled (22.5" Twin 
Rows) 94864 9.9 58.2 51.2 
30" Rows 93799 10.1 58.1 49.6 
     
mean 94332 10.0 58.1 50.4 
CV (%) 10.0 3.6 0.2 1.9 
P-value NS NS NS < 0.10 
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Area farmers would benefit from having 
an additional crop that would be 
profitable and diversify the monotonous 
corn/soybean rotation. Rye potentially 
boosts grain yields, benefits soil health 
and increases conservation. Being able 
to have another option can greatly assist 
farmers, especially with adverse weather 
problems, as we have seen the last 
couple years. Rye is winter hardy, very 
competitive with weeds and does not 
require high levels of fertility. From an 
agronomic standpoint, hybrid rye has 
great potential to be an alternative crop 




Rye was direct-seeded into oat stubble 
on September 27, 2019. Plots were laid 
out in randomized complete block 
design with four replications. Plots were 
fertilized with 220 lb/ac of urea and 50 
lb/ac of AMS. No fungicides or 
insecticides were applied. Plots were 
harvested with a small plot combine on 




The hybrid lines performed about 60% 
better yield than did the open-pollinated 
(OP) lines. Meaning, if a reliable market 
develops, hybrid rye will have a good fit 
in this area. In long term rotation, 
including a small grain increased no-till 
corn yield on average by 9 bu/ac over 
the last 25 years, and in more recent 
years, 18 to 22 bu/ac. Soybean yields 
haven’t been as responsive to having a 
small grain in the rotation. Other than 
the possibility of higher yields, rye is 
very competitive with weeds, which in 
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Table 1. Height, lodging score, test weight, ergot incidence and grain yield of 14 rye lines 
(eight hybrid and six open-pollinated) with some triticale and a winter wheat line, raised 
in a small- plot variety trial at the Southeast Research Farm in Beresford, South Dakota. 
Plots were planted September 27, 2019 and harvested on July 16, 2020.  
 





  (in) (0-10) (lb/bu) (bu/ac) (count/lb) 
Tayo hybrid rye 43.9 1.5 53.7 125.0 0.000 
Brasetto hybrid rye 43.1 1.4 53.2 112.7 0.157 
Serafino hybrid rye 44.3 0.8 53.9 112.7 0.071 
Berado hybrid rye 44.3 0.5 53.8 103.5 0.130 
Daniello hybrid rye 43.3 1.3 53.0 93.7 0.047 
Bono hybrid rye 42.0 0.8 54.1 89.4 0.479 
Hazlet OP rye 47.8 1.5 54.3 77.3 0.199 
Guardian OP rye 45.5 1.4 53.6 74.9 0.055 
Fridge triticale 48.4 1.3 52.6 72.9 0.359 
Rymin800 OP rye 48.0 1.8 53.1 72.0 0.388 
Nitrous triticale 45.1 0.5 46.4 70.2 0.080 
718TriCal triticale 45.4 1.0 51.8 70.2 0.430 
Hy-Octane triticale 39.0 0.1 53.0 70.0 0.461 
Rymin OP rye 48.3 2.9 53.6 68.5 0.576 
Lon OP rye 47.8 1.8 51.7 68.2 0.081 
Nitrous800 triticale 43.8 0.3 46.1 56.4 0.000 
SY-912 winter wheat 33.8 0.0 56.2 50.9 0.000 
Elbon OP rye 51.5 3.9 53.9 49.5 0.948 
       
mean  44.8 1.2 52.6 81.2 0.240 
CV (%)  3.0 51.8 2.7 15.8 132.4 
LSD (0.10)  1.6 0.8 1.9 17.5 0.430 
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Evaluation of Cool Season Annual 
Forages in 2020 
Brad Rops,∗ Peter Sexton,                            
and Chelsea Sweeter 
INTRODUCTION 
Livestock producers may need to consider using 
tillable acres to help meet their forage needs, 
whether that be in the form of hay, silage, or 
grazing. This trial looks at spring planted 
annuals as an option for forage production. 
METHODS 
Nineteen cool season forages and/or mixes were 
no-till drilled one inch deep into soybean stubble 
April 7, 2020. Plot size was 5’ x 25’. The plots 
were laid out in a randomized complete block 
design with 4 replications. The plots were 
harvested July 6, 2020 using a plot-sized forage 
harvester. The plots were end-trimmed, length 
recorded, and a 4’ wide swath was cut and 
weighed. Subsamples were taken to determine 
plant dry matter.  
RESULTS AND DISCUSSION 
Forage yield expressed in tons of dry matter per 
acre is shown in Table 1. The top yielding group 
(in bold type) included forage oats, peas, and the 
mixes each containing at least some proportion 
                                                          
∗ Corresponding author: Bradley.Rops@sdstate.edu 
of oats, barley, and peas. Composition of the 
mixes is shown in Table 2.  
Plots were harvested about two weeks later than 
optimum due to an equipment breakdown. Since 
many of the plots were nearing maturity, 
samples were not analyzed for nutrient content 
this year as feed quality was diminished. Grain-
type oats (Saddle) were used in the mixes and as 
a companion crop for the clovers. The grain oats 
and forage barley were at dough stage at harvest. 
The forage-type oats (Everleaf) were at milk 
stage and the forage peas near maturity. Some of 
the brassicas were starting to flower. 
Spring cereal grains and mixes containing them 
consistently produce more tonnage than 
brassicas, ryegrass, and spring seeded winter 
cereals. Though brassicas don’t contribute a lot 
of tonnage, they are typically higher in protein 
and lower in fiber than cereal grains. They can 
be used to increase relative feed quality in a mix 
and also can aid in the suppression of 
nematodes. Ryegrass does not produce a lot of 
tonnage per acre, but the forage is of high 
quality and there is regrowth potential. The 
cereal rye included an open pollinated line 
(Hazlet) and a hybrid line (Propower). They 
were near the bottom for forage yield and are 
better suited for fall planting and then aggressive 
grazing or haying in the spring.  
There are several factors to consider when 
putting together a spring forage mix: harvest 
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method, harvest timing, duration of the stand, 
forage quality, disease issues, soil salinity, soil 
pathology, and others. Mixes are always a good 
choice to help mitigate risk. There should be 
enough options to help you achieve your forage 
production goals. 
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Table 1.  Yield of cool season annual forages seeded into soybean stubble at the Southeast Research Farm 








 (in.) (wt/wt) (tons/ac) 
Everleaf Oat 25.3 0.343 2.35 
Mix 1 18.5 0.433 2.30 
Mix 3 22.0 0.473 2.21 
Peas 20.0 0.522 2.10 
Mix 2 24.0 0.450 2.10 
Crimson Clover w/oats 23.3 0.338 1.96 
Hays Barley 18.0 0.487 1.94 
Medium Red Clover w/oats 22.0 0.362 1.92 
Saddle Oat 22.3 0.320 1.88 
Yellow Sweet Clover w/oats 23.5 0.321 1.82 
Common Vetch 24.0 0.313 1.38 
Bayou Kale 14.5 0.166 1.14 
Tillage Radish 24.0 0.287 1.11 
Annual Ryegrass 21.3 0.446 0.97 
Winifred Brassica 12.8 0.182 0.87 
Dwarf Essex 13.0 0.223 0.83 
Hazlet Rye 8.3 0.283 0.67 
Purple Top Turnip 11.8 0.251 0.51 
Propower Rye 11.0 0.273 0.47 
    
mean 18.9 0.341 1.5 
CV (%) 23.5 --- 15.8 
LSD (0.10) 5.3 --- 0.28 
 
  




Table 2.  Composition of mixtures used in cool season forage plots at the Southeast Research Farm in 
Beresford, South Dakota, in 2020. 
Mix 1          Percent   Mix 2          Percent   Mix 3          Percent 
Oat  30   Oat  25   Oat  10 
Barley  30   Barley  25   Barley  10 
Pea  40   Pea  25   Pea  10 
     Kale  25   Ryegrass 50 
          Red Clover 20 
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Evaluation of Winter Annual 
Forages for Spring Harvest in 2020 
Chelsea Sweeter∗, Peter Sexton, and Brad Rops 
INTRODUCTION 
Winter annual forages offer opportunity for 
double cropping. Forage taken as hay, silage or 
by grazing can be followed up with soybeans or 
warm season forages. Also, winter annuals will 
use up residual nitrogen in the fall, protect soil 
from wind and water erosion, and keep living 
roots in the soil benefiting soil microbiology.  
METHODS 
Several varieties of hybrid rye, open-pollinated 
(OP) rye, triticale and a winter wheat variety 
were no-till drilled into oat stubble on 
September 27, 2019. The original winter annual 
forage trial had stand issues, so the winter rye 
variety trial was split; half for forage and half for 
yield. Plots were laid out in a randomized 
complete block design with four replications, 
two replications were actually taken for forages. 
Plot size was 5’ by 18’. Plots were fertilized 
with 220 lb/ac of Urea and 50 lb/ac of AMS. 
Visual stand ratings were taken in the fall and 
again in the spring. On May 27, 2020, plant 
heights were taken along with growth stage 
using the Feekes scale (8.0 = flag leaf just 
visible, 10.0 = boot). Most of the plots were in 
the boot stage, so the ends were trimmed, plot 
lengths were recorded, and plots were harvested 
with a small plot forage harvester on May 27 
and 28, 2020. Subsamples were taken from each 
harvested plot and composited to determine dry 
matter. Samples were then analyzed for feed 
quality.  
RESULTS 
Table 1 shows dry matter yield, hay yield, and 
silage yield. Rye had the most tonnage per acre. 
The best OP line, Hazlet, was as good as the 
hybrid lines. Cost wise, planting an OP line 
would be more efficient to use for forage 
compared to the hybrid lines given the yield is 
relatively close. Winter annuals are becoming 
more popular in the area since they can be used 
as cover crops, but the potential to use as a 
double crop is exciting as it can generate 
additional income. Rye’s winter hardiness can 
help with more rapid spring growth so the forage 
can be taken off and second crop can be planted 
sooner. Depending on the livestock class forage 
is produced for, harvesting at flag leaf may 
increase forage quality but cuts down tonnage. If 
harvesting at boot stage or shortly after (as most 
of these plots were taken), tonnage will be 
greater but be careful as quality can rapidly 
decrease after heading. 
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Table 1. Stage, dry matter, hay and silage yield from a winter annual forage trial conducted at the 
Southeast Research Farm in 2020. Dry matter is based on measurements from two field replicates laid out 












   (ton/ac) (ton/ac) (ton/ac) 
Bono rye - hybrid 10.45 4.51 5.31 12.89 
Hazlet rye - OP 10.50 4.23 4.98 12.10 
Propower rye - hybrid 10.45 4.06 4.77 11.60 
Elbon rye - OP 10.51 3.94 4.63 11.25 
Berado rye - hybrid 10.50 3.90 4.59 11.15 
Tayo rye - hybrid 10.45 3.69 4.34 10.54 
Brasetto rye - hybrid 10.50 3.60 4.24 10.30 
Progas rye - hybrid 10.50 3.47 4.08 9.91 
Serafino rye - hybrid 10.45 3.47 4.08 9.90 
Lon rye - OP 10.35 3.39 3.99 9.70 
Guardian rye - OP 10.45 3.26 3.83 9.31 
Daniello rye - hybrid 10.50 3.22 3.79 9.20 
Fridge triticale 10.45 3.10 3.64 8.85 
Rymin rye - OP 10.45 3.09 3.64 8.84 
718 trical triticale 9.50 3.09 3.63 8.83 
Nitrous triticale 9.50 2.95 3.47 8.42 
rymin8 rye - OP 10.35 2.61 3.08 7.47 
nitrous8 triticale 9.00 2.57 3.02 7.34 
sy-912 wheat 9.75 2.53 2.97 7.22 
HyOctane triticale 9.00 2.06 2.43 5.90 
      
Mean  10.18 3.34 3.93 9.53 
CV (%)  --- 13.4 13.4 13.4 
LSD (0.10)  --- 0.77 0.91 2.20 
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Oat Planting Date Study 
Chelsea Sweeter∗, Peter Sexton, Brad Rops, 
and Garold Williamson 
 
BACKGROUND 
Oats are a cool season crop meaning they thrive 
being planted earlier in the spring. Typically 
around this area, oats are planted in early to mid-
April. Planting too early into cool wet soil may 
result in seed rotting in the ground.  On the other 
hand, later-planted oats have a shorter window 
for grain fill and can potentially have a lower 
test weight. Also, heat stress during pollination 
(anthesis) will have a greater impact on yield 
than during tillering, jointing or grain fill. 
Planting oats at the right time will maximize 
yield and test weight potential. This study 
focuses on planting dates compared to yield and 
test weight of oats.  
 
METHODS 
Warrior Oats were drilled at 100 lb/ac into 
soybean stubble on the desired planting dates. 
Those dates include March 17, March 31, April 
8, April 22, and May 4, 2020. Plots were laid out 
in a RCBD design with four reps each. The size 
of each plot was 15’ by the length of the field. 
Plots were fertilized with 165 lb/ac of Urea and 
35 lb/ac of AMS on March 17, 2020. No 
fungicides or insecticides were applied. Planting 
date emergence was observed each week. Plant 
stage and height were taken on June 9, 2020. 
Plots were harvested with a small plot combine 
on July 23, 2020.  
 
RESULTS 
Yield and test weight tended to drop as planting 
date was pushed back. The March 17 planting 
date was 28 bushels/ac better than the May 5 
planting date. Test weight seemed to be rather 
close for all planting dates. The cooler wet 
weather in March pushed back emergence of the 
two planting dates compared to the April and 
May plantings that emerged quicker (Table 2).  
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Table 1. Moisture, test weight, 100 seed weight and yield of five spring planting dates for oats planted at 








 (%) (lb/bu) (g) (bu/ac) 
March 17 13.0 35.5 3.45 123 
March 31 13.6 34.6 3.48 111 
April 8 13.4 34.5 3.25 112 
April 22 13.1 33.3 3.25 102 
May 4 10.6 35.1 (?) 3.08 95 
     
mean 12.7 34.6 3.30 109 
CV (%) 5.8 1.7 4.80 7.5 
P-value <0.01 <0.01 <0.05 <0.01 
LSD (0.10) 0.9 0.7 0.20 10.2 
 
 
Table 2.  Oat planting date with days to emergence, Growing Degree Units (base temperature of 40° F), 






GDU plant  
to emerge 
Feeke's stage 
on June 9th  
Average Ht  
(in) June 9th 
March 17 31 117 10.4 28 
March 31 22 135 10.3 27 
April 8 17 107 10.2 27 
April 22 9 158 9.5 22 
May 4 15 143 8.0 12 
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Alfalfa Variety Trial at the 
Southeast Research Farm – 2020 
Season - Establishment Year 
Sara Bauder, Brad Rops, Chelsea Sweeter,           
and Peter Sexton∗ 
INTRODUCTION 
Alfalfa is an important crop for most ruminant 
nutrition, and it is critical for profitable dairy 
production.  The following is a report on forage 
yields observed in the first year of an alfalfa 
variety trial established this last season (2020) at 
the SDSU Southeast Research Farm.   
 
METHODS 
The plots were laid out in a randomized 
complete block design with five replications.  
Plot size is 5’ by 18’.  Whole plot yields were 
taken using a forage harvester (Model SMW-
SCH-48; Swift Machine & Welding, Swift 
Current, Saskatchewan, Canada) on July 9 and 
August 21, 2020.  Subsamples of fresh material 
were weighed and dried at 140˚ F to determine 
percent moisture.  All yield data are presented 
on a dry weight basis.  The means were 
individually compared to the highest yielding 
line for that cutting and separated with an LSD 
test (P < 0.10) using SAS statistical software.    
 
RESULTS 
This past season was marked by drought in the 
second half of the year.  This was the second 
driest growing season on record at the farm 
(records go back to 1952).  In 2020 the farm 
received 9.5" of rainfall during the growing 
season (April through Sept.), where the average 
for this period is 19.2" of rainfall (68-year 
average, from 1953 through 2020).  Yield data 
for each cutting and total production for the 
establishment year for the top 12 lines in the trial 
are shown in Table 1.  This trial will be 
continued for two more seasons. 
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Table 1.  Dry matter yields in first year (2020) for the top twelve lines of an alfalfa variety trial 
established at the Southeast Research Farm in Beresford, South Dakota.  The season started with ample 
moisture, but was marked by dry weather and drought stress in late July and August. 
 
Line 
Cut 1 - 
July 9 




 (ton/ac) (ton/ac) (ton/ac) 
DSX174083 1.76 1.39 3.15 
DSX174082 1.83 1.28 3.11 
Aqua Maxx 1.82 1.18 3.00 
HybriForce 4400 1.71 1.28 3.00 
Viking Organic 5200 1.72 1.27 2.99 
GA440XQ 1.76 1.23 2.99 
Falcata 1.77 1.18 2.95 
Red Falcon 1.72 1.22 2.94 
DB HeavyWeight 1.67 1.27 2.93 
check 1.89 1.03 2.92 
GA349XL 1.65 1.26 2.91 
HybriForce-4420 1.74 1.15 2.88 
    
mean 1.71 1.16 2.87 
CV (%) 7.3 13.7 7.9 
P-value <0.05 <0.05 <0.05 
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Evaluating Alfalfa Winter Survival- 
Preliminary Report 
Dr. Craig Sheaffer, University of Minnesota; 
Dr. Valentin Picasso Risso, University of 
Wisconsin-Madison; Jared Goplen, 
University of Minnesota Extension; Dr. 
Jacob Jungers, University of Minnesota;   
and Sara Bauder∗, SDSU Extension. 
 
 
Winter injury of alfalfa in the northern U.S. 
continues to affect plant stand persistence and 
consequently limits the productivity and 
profitability of alfalfa production. Often times, 
cold rains or other long-term winter weather 
events cause significant alfalfa winter injury 
resulting in economic and ecosystem losses. 
Winter injury ranges from partial killing of 
crown buds and yield reduction to the complete 
killing of alfalfa plants with total yield loss. 
Improvement in alfalfa cultivar winter survival 
is very important, but some alfalfa cultivars are 
marketed without winter survival data.  
 
In order to further investigate these questions, 
researchers from Minnesota, Wisconsin, and 
South Dakota worked together to evaluate 
alfalfa winter survival in a multi-year project.  
 
The objectives are to: 1) Evaluate alternative 
field approaches to measure winter survival of 
alfalfa cultivars; 2) Evaluate artificial freezing to 
predict winter survival under controlled 
conditions; and 3) Evaluate digital image 
processing technology to quantify winter injury.  
This project consisted of conducting field trials 
and controlled freezing tests, and will develop a 
digital imaging method to improve the 
efficiency of winter survival testing and 
ultimately increase the availability of winter 
survival characterization of alfalfa varieties.  We 
will conduct education programs to transfer new 
standard tests to potential users and to educate 
growers about reducing risks of winter injury. In 
the long term, this would allow growers better 
variety selection options and help to increase 
potential yields. 
METHODS 
The responsibilities of this project have been 
split up between the states involved. In South 
Dakota, objective 1 was undertaken at the 
Southeast Research Farm. This objective 
consists of 3 sub-objectives: A) row rating 
treatment, B) whole plot rating evaluation, and 
C) plot yield rating. Two experiments were 
planted to complete the 3 sub-objectives; we will 
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Table 1. Explanation of Methods in Winter Kill Evaluation Treatment at the Southeast Research Farm near 
Beresford, SD, 2019-2020. 
Item Experiment 1 Experiment 2 
Previous Crop Soybean Soybean 
Plot Size Single row 3’x20’ 4’x15’ 
Begin Soil Test (11/15/18) NO3N (0-6”): 4.8lbs/a, Olsen P: 13ppm, K: 180ppm, pH: 5.5, OM: 4.7 
Seeding Date 6/7/19 6/7/19 
Treatments See Table 2 See Table 2 
Pest Control Hand weeding throughout season, Kondo insecticide @ 3.2oz/ac with 32oz/a 
Select Max applied on 7/27/19. 
Mowing Dates 8/30, 10/9, 11/6 8/30, 10/9, 11/6 
Replications 6 6 
 
Table 2. Description of Alfalfa Treatment Varieties in 
Winter Kill Evaluation Treatment at the Southeast 
Research Farm, 2019-2020. 




4 SW 5509 
5 VERNAL 
6 CUF 101 
7 SW 5511 
8 5262 
9 WL325HQ 




A. A row rating treatment was used as a control to establish a baseline for comparison 
(Experiment 1). Alfalfa was inoculated and planted by hand on 6/7/19 in 20’ long single 
row plots (Table 2). Plots were thinned to about 1 plant per foot on 7/24/19 and 7/29/19. 
Rows were 1 meter apart with ~20-25 plants about 0.3 meters apart within rows. Final 
thinning and stand counts were taken 11/8/19. Plants were rated for winter injury using 
the existing North American Alfalfa Improvement Conference (NAAIC) standard rating 
test (McCaslin et al., 2003) following the ‘test winter’ of 2019-2020. The test was 
conducted on 4/30/20 when plants were 4-6” of height using a 1 to 5 scale based on plant 
appearance, with average score determined for each variety (Table 3). As described in the 
NAAIC test procedure, average visual scores of winter injury for each row were adjusted 
to a rating scale of 1 to 6 using known winter survival levels of check varieties (Table 4). 
Alfalfa entries included “check cultivars” with known winter survival ratings of 1 to 6 
and two marketed cultivars per winter survival rating class (solicited from cooperative 
alfalfa breeding companies) were also included to make a total of 18 entries. Plots were 
hand weeded and sprayed once for insect control.  




Table 3. North American Alfalfa Improvement Conference Winter Survival Alfalfa Rating 
System 
1 No injury, plant has uniform, symmetrical appearance, all shoots are about equal in 
length.  
2 Some injury, the plant is symmetrical, but regrowth is slightly uneven. 
3 Significant injury, regrowth varies in length, reduced vigor. 
4 Severe injury, plant has sparse shoots, regrowth is very irregular, poor vigor. 
5 Dead plant. 
 
 
Table 4. North American Alfalfa Improvement 
Conference Check Cultivars 
Variety Winter Survival 
Rating 
Typical ASI 
ZG 9830 1 1.6 
5262 2 2.2 
WL325HQ 3 2.9 
G-2852 4 3.6 
Archer 5 4.0 
Cuf 101 6 4.8 
 
 
B. A whole plot rating evaluation treatment was conducted on the same cultivars as in 
objective 1 (Experiment 2). Plots were planted on 15-cm rows into 4x15’ plots on 
6/7/19 using a small plot sized ‘Brillion’ style seeder and managed for maximum 
production by controlling insects and weeds using pesticides. The test was conducted 
on 4/30/20 when plants were 4-6” of height. Whole plots were rated for winter injury 
using a 1 to 5 scale as described above and the ratings were adjusted to a winter 
survival rating scale of 1-6. The same check varieties were used as in objective 1.  
 
C. Plots were also evaluated for yield in the year following planting on 5/21/20 (3 weeks 
following ratings in objective B) (Experiment 2), by use of a small-plot forage harvester 
harvesting to ~6cm height. Wet weights were converted to dry tonnage by drying a forage 
sub-samples from the day of harvest (Table 5).  
 
Split plot treatments will be standard alfalfa 
varieties proposed as checks in the NAAIC 
standard winter survival testing (Table 3). In 
addition, we will solicit two commercially 
marketed varieties from each survival rating 
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RESULTS and CONCLUSIONS 
 
Plot ratings and yields from each state 
involved in the study are still being 
compiled and analyzed and will have to be 
the subject of a future report.  
 
Table 5 depicts local plot yield data from 
sub-objective C (whole plots). Vernal was 
highest yielding with 1.18 ton/acre on a dry 
matter basis with 54VR10, ZG 9830, and 
55VR08 close behind. However, Vernal was 
in the same statistical grouping as many of 
the varieties, but was significantly higher 
yielding than G-2852, Archer, NITRO, and 
SW5511 95% of the time in this trial 
(Pr>0.05). Yield does not solely depict 
winter survival but can provide indication of 
survivability. This project is a work in 
progress; we hope to be able to include a 




This grant is funded by USDA-NIFA and 
supported locally by the Southeast Research 
Farm through use of their plots and 
equipment. 
 
Table 5. Yield of Alfalfa from Alfalfa 
Winter Kill Trial in 2019-2020 (sub-
objective C) at the SDSU Southeast 
Research Farm near Beresford, SD. 
Treatment Yield 
# Cultivar Ton dm/a1 
5 VERNAL 1.18a2 
3 54VR10 1.12ab 
10 ZG 9830 1.11ab 
2 55VR08 1.11ab 
6 CUF 101 1.06abc 
4 SW 5509 1.05abc 
9 WL325HQ 1.02abc 
8 5262 1.01abc 
12 G-2852 0.96bc 
11 ARCHER 0.90c 
1 NITRO 0.54d 




1Tons of dry matter per acre; determined by drying 
sub samples to determine moisture content of ‘whole 
plot’ wet weights. 
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Observation Trial with 
Wheat/Soybean Interseeding 
 




Double cropping soybeans after winter wheat is 
often practiced in parts of the country with a 
longer growing season.  In South Dakota the 
growing season is too short to allow for soybean 
planting after wheat harvest and still have a 
productive soybean grain harvest.  One possible 
way to improve the chances of success with this 
system would be to plant wheat in a skip row 
system and seed the soybeans between the rows 
near the time of wheat heading.  This would give 
the double-cropped soybeans more time to 
complete their lifecycle as they would start 
growth under the wheat canopy and complete 





Winter wheat ('SY912' soft white wheat) was 
planted on 9 October, 2019 in a pattern with two 
rows planted:two rows skipped along with a 
control (all rows planted) at a seed rate of 120 
lb/ac.  The herbicide MCPA was applied on 14 
May, 2020 at a rate of 1.2 pt/ac for weed control.  
Soybean ('S28XT58’) were planted in the skip 
rows at a seed rate of 195,000 seeds per acre on 
5 June, 2020.   
 
 
RESULTS and DISCUSSION 
 
Wheat yields were low; the stand was planted 
late and October and November of 2019 were 
colder than average, so the wheat didn't get 
much chance to establish and tiller in the fall.  
Wheat yield in the solid wheat stand was 42 
bu/ac versus 37 bu/ac in the skip-row plots with 
soybean interseeding.   The farm experienced a 
drought in the latter half of the 2020 season and 
soybean growth was minimal, even though a 
late-season line was planted to see how much 
growth might be achieved in this system.  The 
farm on average receives 19.2" of rain during 
the growing season (April through Sept), in 
2020 the farm only received 9.5" during this 
time period, and most of that was weighted 
towards the spring, so the interseeded soybeans 
were not able to put on much growth.  At harvest 
the soybeans average plant height was 11.5" and 
yield was less than 3 bu/ac.   Obviously, this 
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Influence of Clay Mineralogy on 
Corn Potassium Fertilizer 
Recommendations 
 
Andrew Ahlersmeyer, Jason Clark∗, Kris 





Potassium (K) fertilizer 
recommendations for corn vary among 
states in the U.S. Midwest. Common 
parameters used to calculate K fertilizer 
recommendations include K soil test level, 
critical K level, yield goal, K removal from 
previous crop, CEC, and soil texture. The 
current recommendations for South Dakota 
are based on the following equation:  
  
𝐾𝐾𝐾𝐾𝐾𝐾 = �1.1660 – (0.0073 × 𝑆𝑆𝑆𝑆𝐾𝐾)� × 𝑌𝑌𝑌𝑌  
𝐾𝐾𝐾𝐾𝐾𝐾 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐾𝐾𝐹𝐹𝐹𝐹𝑃𝑃𝑃𝑃𝐹𝐹𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹 𝐾𝐾𝑃𝑃𝑃𝑃𝐹𝐹 
𝑆𝑆𝑆𝑆𝐾𝐾 = 𝑆𝑆𝑃𝑃𝑃𝑃𝐹𝐹 𝑆𝑆𝐹𝐹𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 (𝑝𝑝𝑝𝑝𝑃𝑃) 
𝑌𝑌𝑌𝑌 = 𝑌𝑌𝑃𝑃𝐹𝐹𝐹𝐹𝑌𝑌 𝑌𝑌𝑃𝑃𝑃𝑃𝐹𝐹 (𝑏𝑏𝑃𝑃 𝑃𝑃𝑎𝑎−1)  
 
Until recently, the influence of clay 
mineralogy on potassium availability and 
uptake in corn has seldom been evaluated or 
used in K recommendations. However, from 
2014-2016 in North Dakota, Brecker et. al. 
(2019) used a cluster analysis to separate 
their research sites into groups with 
smectite/illite ratios greater or less than 3.5. 
They found that soils with a smectite/illite 
ratio less than 3.5 had a soil test K critical 
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level of approximately 128 ppm. Whereas 
soils with a smectite/illite ratio greater than 
3.5 had a soil test K critical level of 200 
ppm. This is consistent with the fact that 
smectites are highly charged and hold onto 
K+ ions more tightly than illites. This is 
likely why soils with more smectite than 
illite clays had a higher soil test K critical 
value. Improving our understanding of the 
influence clay mineralogy has on crop 
response to K fertilization also has the 
potential to improve K recommendations in 
South Dakota.  
The objectives of this project include 
1) determine the relationship among soil 
clay mineralogy, K uptake by corn, and K 
fertilization requirements, and 2) calibrate K 
fertilizer recommendations in South Dakota 
to include clay mineralogy as a variable.  
  
MATERIALS AND METHODS 
 
In 2020, corn was planted at six 
locations across central and eastern South 
Dakota. Sites were chosen with soil test K 
levels that were normally near or above 160 
ppm. This was done to determine under 
what soil mineralogy conditions would the 
critical value of 160 ppm need to increase 
because the soils were still responsive to K 
fertilization. In addition to the Southeast 
Research Farm in Clay county, one site was 
located in Kingsbury, Potter, and McCook 
counties, and two sites in Tripp county (30 
in. and 60 in. row spacings). Potassium rate 
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treatments included six K rates ranging from 
0–150 lbs. K2O ac-1 in 30 lb. increments.  
  
Soil samples were taken at depths of 0–6 
and 6–12 in. prior to planting and analyzed 
for soil test K. Clay mineralogy was 





Preliminary data for the initial year of this 
study showed little to no yield response to 
applied K fertilizer (Figures 1 and 2). This is 
likely due to the high soil test K levels at all 
sites (182-960 ppm K at 0-6 in. depth). At 
the Southeast Research Farm, soil test K in 
each replicaion was above the 160-ppm  
 threshold (Table 1). Additionally, soil 
samples taken from trials in Tripp and Potter 
counties were substantially higher than the 
K threshold (Table 2). 
 
 
Table 1. Preplant soil test data (0–6 in.) at 
the Southeast Research Farm near 
Beresford, SD in 2020. 
Test† Rep 1 Rep 2 Rep 3 Rep 4 
P 20 27 26 20 
K 201 182 204 235 
SOM 5.6 5.4 4.9 4.7 
pH 5.3 5.2 5.3 5.3 
CEC 26 24 27 27 
ST SCL SCL SCL SCL 
S:I 0.45 0.50 0.85 1.14 
† P, Phosphorus, Olsen-P, ppm; K, Potassium, Ammonium 
Acetate, ppm; SOM, Soil Organic Matter, Loss on Ignition, %, 
pH, 1:1; CEC, Cation Exchange Capacity, meq 100g-1; ST, Soil 








Figure 1: Average yield response to various 
K rates across central and eastern South 





Figure 2: Yield response to various K rates 
at the Southeast Research Farm near 
Beresford, SD.  
 
Further work is required in the 
following years to better understand the 
relationship between clay mineralogy and 
potassium availability. Additionally, for the 
2021 growing season, we are planning to 
take mid-season tissue samples to evaluate 
K uptake in corn. Our goal is to use this data 
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Table 2. Average preplant soil chemical and physical properties (0–6 in.) at six research sites in 
central and eastern South Dakota in 2020. 
Soil Test† SERF Kingsbury Potter Tripp 30 in. Tripp 60 in. McCook 
P 23 38 10 7 8 11 
K 206 277 493 625 695 193 
SOM 5.2 5.9 3.1 5.7 5.8 4.4 
pH 5.3 5.8 6.3 7.7 7.7 6.2 
CEC 26 28 20 40 41 25 
Texture SCL CL L C C CL 
S:I 0.74 5.14 0.92 1.66 1.30 7.18 
† P, Phosphorus, Olsen-P, ppm; K, Potassium, Ammonium Acetate, ppm; SOM, Soil Organic Matter, Loss on Ignition, %, pH, 1:1; CEC, Cation 
Exchange Capacity, meq 100g-1; ST, Soil Type, SCL, Silty Clay Loam, CL, Clay Loam, L, Loam, C, Clay; S:I, Smectite:Illite Ratio
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Using Soil Health Indicators to 
Adjust P, K, and S Fertilizer 
Recommendations in Corn 
 
Benjamin Groebner, Jason D. Clark∗, 





Soil health and fertility are important 
aspects in production of corn. Both can play 
an important role in the yield of a corn crop 
as well as the profitability of a farming 
operation. While soil fertility is typically 
adjusted yearly by adding inorganic 
fertilizers, soil health changes based on 
management practices over a long period of 
time. Recently, management methods that 
improve soil health have been promoted. 
These include conservation tillage practices, 
adding organic matter, managing soil-water, 
diversifying crop rotations, and many others. 
While soil health practices and 
measurements have become widely used, a 
correlation between soil health and fertility 
needs has not been made in a way that 
would help producers make management 
decisions. Using both soil fertility and soil 
health measurements together has the  
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potential to be used to improve fertilizer rate 
recommendations.   
The objectives of this project are to 
(1) identify which soil health/fertility 
measurements can be used in predicting 
yield and tissue response to fertilizer 
treatment and (2) explore the concept of a 
sliding critical value of P, K, and S nutrient 





 For 2020, seven locations were 
chosen throughout eastern South Dakota that 
varied in tillage and crop rotation practices. 
Each location had four treatments replicated 
four times: 1, a control (no P, K, or S); 2, 
100 lbs. P2O5/ac; 3, 100 lbs. K2O/ac; and 4, 





Figure 1. Fertilizer Treatment layout 
that was replicated four times at each 
research location. 
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received N fertilizer at the rate the farmer 
applied to the remaining field area.         
Each replication of the four treatments had a 
deep (4 ft.) core taken where soil fertility 
and soil carbon along with percent sand, silt, 
and clay were measured for each soil 
horizon. Soil samples were also obtained 
from 0-6 in. to measure soil fertility, and 
from 0-2 in. and 2-6 in. to measure soil 
health. These samples were taken before 
fertilizer application and planting. Around 
the time of planting, fertilizer was surface 
applied by hand to the plots. Whole plant 
samples were obtained at V6 and analyzed 
for nutrient content. Final grain yield was 
adjusted to 15.5% moisture. Corn grain was 
analyzed for nutrient content.  
RESULTS 
 
P 100 lbs. 
 The plots fertilized with P had yields 
that ranged from 112-266 bu/ac with an 
average of 186 bu/ac. The yield response 
ratio averaged at 1.07 while the V6 tissue 
response averaged at 1.3 (Figure 2). Of the 
sites with low soil test P levels, more than 
half showed an increase in yield while 5 of 
the 21 showed a decrease in yield. Of the 
sites with medium, high, or very high soil 
test P, none of them showed a decrease in 
yield while more than half still increased 
yield (Table 1). 
K 100 lbs. 
 The plots fertilized with K had yields 
ranging from 78 to 273 bu/ac with an 
average of 170 bu/ac. The yield response 
ratio averaged at 0.99 and the V6 tissue 
response averaged at 1.16. For a medium 
soil test K level, 3 of the 8 sites raised yield 
while 2 lowered yield. For a high soil test K 
level, 3 of the 11 sites raised yield while 5 
sites lowered it. Lastly, with a very high soil 
test K level, 10 of the 28 sites raised yield 
while 7 sites lowered it.  
S 25 lbs. 
 The plots fertilized with S had yields 
ranging from 81 to 248 bu/ac with an 
average of 174 bu/ac. The yield response 
ratio averaged at 1.0. and the V6 response 
ratio averaged 1.27. All soil test S levels 
were grouped together as our sampling 
method and lab data does not match the 
South Dakota standards of 0-6 and 6-24 in. 
sampling. Of the 41 sites, 17 showed a 
positive yield response while 10 showed a 
negative repsonse. 
Since we are still awaiting soil health 
results from the lab, we have not been able 
to make comparisons between soil health 
indicators, soil fertility, and yield for this 
year’s data. Looking at our yield data from 
both years, an application of phosphorus had 
a positive effect on yield at all soil test P 
levels, especially low. The P treatment plots 
averaged 186 bu/ac compared to the 170 
bu/ac of the control plots. An increase in 
yield across all soil test P levels shows the 
possibility of adjusting the P 
recommendations in the future. 
Potassium application slightly 
reduced yield from 177 to 170 bu/ac across 
all sites. This may be affected by the soil test 
K levels which were almost all far above the 
levels where K should be applied. Even 
though, 10 of the 28 sites with high soil test 
K levels showed an increase in yield. This 
also shows a gap in our understanding as 
these soil test K levels are much higher than 
the current recommendation and should not 
have seen an increase in yield 
Lastly, sulfur applications slightly 
reduced yield from 177 to 174 bu/ac. Across 
all soil test S levels, there was no definitive 
response of either increasing or decreasing 
yield. 
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These preliminary results are only 
based on two growing seasons at different 
locations across central and eastern South 
Dakota.  
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Olsen P, 0-6 in. 
Number of Sites Percent Change in Yield  
Lowered Constant  Raised Lowered Raised 
 
Maximum Average Maximum Average  
Low 5 5 11 -40% -17% 51% 19%  
Medium 0 2 6 N/A N/A 23% 13%  
High 0 1 2 N/A N/A 13% 10%  




K ppm, 0-6 in. 
Number of Sites Percent Change in Yield  
Lowered Constant  Raised Lowered Raised 
 
Maximum Average Maximum Average  
Medium 2 3 3 -20% -15% 21% 13%  
High 5 3 3 -17% -11% 30% 16%  




S ppm, 0-6 in. 
Number of Sites Percent Change in Yield  
Lowered Constant  Raised Lowered Raised 
 
Maximum Average Maximum Average  
All 10 14 17 -31% -16% 27% 14%  
Table 1. This table shows the preplant Olsen P ppm, K ppm, and S ppm and looks at plots in South Dakota from 
2019-2020. Column one shows the soil test P, K, and S levels according to the South Dakota Fertilizer 
Recommendations Guide. All soil test S levels were grouped together. Columns 2-4 show the number of sites 
where the yield was lowered (less than 95% yield of the control plot), stayed the same, or raised (increased yield 
> 5% compared to the control plot). Columns 4-8 show the maximum and average amount the yield was raised 
and lowered. 
























































































Soil test P (Olsen), 0-6 in.





















Soil Test K (ppm), 0-6 in.




















Soil Test S (ppm), 0-6 in.
V6 Tissue Response for Sulfur
Figure 2. These graphs show both the yield response and the V6 tissue response at all plots from 2019 and 
2020. The yield response graphs show the soil test P, K, and S levels compared to the yield response ratios. The 
vertical dotted lines represent the current cutoff for fertilizer inputs according to the South Dakota Fertilizer 
Recommendations Guide. Since our soil test S procedure was only 0-6 in. and did not include 6-24 in., the 
cutoff line was not added for the Sulfur graph. The V6 tissue response graphs show the soil test P, K, and S 
levels compared to the nutrient uptake of the plant at V6. For example, a P response ratio of 1.5 means that the 
amount of P in the plant tissue was 1.5 times higher than in the corresponding control plot with no P. 
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Inter-seeded Cover Crop’s 
Influence on Corn Nitrogen 
Fertilizer Needs, Corn Yield, and 
Soil-Nitrogen–Year 2 
 
Jason D. Clark∗, Shannon Osborne, Peter 




Moving from conventional to no-till 
with the inclusion of cover crops can 
improve soil organic matter, soil structure, 
and water and nutrient holding capacity that 
may reduce environmental degradation from 
the loss of fertilizers and improve crop yield.  
Cover crops can be inter-seeded directly into 
standing corn with a high clearance planter. 
This innovative method of planting cover 
crops lowers seeding rate requirements and 
increases the time cover crops are growing 
and taking up excess nutrients and water. 
Inter-seeding cover crops may change the 
amount and timing of nitrogen (N) provided 
to the crop from decomposition 
(mineralization), which may increase or 
decrease needed N fertilizer to optimize corn 
grain yield. 
 The objectives of this project were to 
1) compare the effect of inter-seeded cover 
crop mixtures on corn production and post-
harvest soil-N content. 
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METHODS 
 
In 2020, corn was planted into 
2019’s soybean field where cover crops 
were inter-seeded the previous year. Cover 
crop treatments were inter-seeded for corn at 
the V5–V6 corn growth stage. Cover crop 
treatments were: 1) no cover crop, 2) single 
grass species (annual rye grass), and 3), 
grass/broadleaf mixture (annual rye grass, 
crimson clover, turnip, and radish). Six 
nitrogen rates from 0–250 lbs ac-1 in 50 lb 
increments were applied near planting to. 
Soil samples were collected from 0 to 12, 12 
to 24, and 24 to 36 in. depths and analyzed 





 Across the three cover crop 
treatments, the optimal N rate to maximize 
corn grain yield ranged from 0 lbs ac-1 to 
250 lbs ac-1 with maximal grain yield 
ranging from 144 to 189 bu ac-1 (Figures 1 
and 2). In the 2019 Beresford location, there 
was little response to N, due to high winds 
causing greensnap of the higher N rate plots. 
The lack of N response is further shown by 
the average increase of only 10 to 14 bu ac-1 
with the addition of N fertilizer.  
 In 2020 at the Beresford site, there 
were minimal differences in optimal grain 
yield with or without inter-seeded cover 
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crops (163–173 bu ac-1). The addition of N 
fertilizer only increased grain yield between 
29 to 32 bu ac-1 showing that this site 
minimally responded to fertilizer-N 
additions with or without inter-seeded cover 
crops. The lack of response may be due to 
the drought conditions experienced late in 
the growing season. The grass/broadleaf 
mixture had a much higher optimal N rate 
(250 lbs ac-1) due to its continuously linear 
relationship with N rate compared to no 
cover crop (42 lbs ac-1) and grass cover crop 
(66 lbs ac-1) treatments. At the optimal N 
rates of the grass and no cover crop 
treatments, the grass/broadleaf treatment 
yielded between 20 to 30 bu ac-1 less. This 
result demonstrates that compared to no 
cover crop and a grass cover crop, the 
grass/broadleaf mixture requires more N to 
optimize corn yield. 
 In the Brookings 2019 site, the 
grass/broadleaf mixture yielded similar to 
the no cover and grass cover crops, but 
required 70 lbs N ac-1 more to achieve 
optimal yield. At the optimal N rates of the 
no cover and grass cover crop treatments the 
yield from the grass/broadleaf mixture was 
between 20 to 30 bu ac-1 less. Again, these 
results indicate that an inter-seeded 
grass/broadleaf mixture may require 
additional N to obtain optimal yield while an 
inter-seeded grass cover crop does not.  
  One purpose of planting cover crops 
is to take up N remaining in the soil after 
corn has finished growing to minimize the 
risk of unused nitrate-N moving into ground 
and surface waters. In the three site-years of 
this study presented here, differences among 
cover crop treatments were minimal below 
100 lbs N ac-1. However, differences in soil 
nitrate-N among cover crops showed some 
difference but were inconsistent. These 
results indicate that the inter-seeded cover 
crop during the past two years was not able 
to grow sufficiently to take up enough 
residual N to lower soil nitrate-N remaining 
in the soil after harvest compared to where 
no cover crop was grown.  
 These results are from the first two 
years of a long-term study. As we continue 
this project, we will improve our 
understanding of the influence of inter-
seeded cover crops on corn production and 





Research funded by the SD Nutrient 
Research and Education Council. Authors 
appreciate the support of the SD 
Agricultural Experiment Station and USDA-
NIFA. 
  



































































No Cover Grass Grass/Broadleaf
Figure 1. Corn grain yield response to N 
fertilizer within three cover crop treatments 
at the Southeast Research Farm near 
Beresford and Brookings, SD in 2019 and 
2020. Cover crop treatments consisted of 1) 
no cover crop, 2) single grass species 
(annual rye grass), and 3), grass/broadleaf 
mixture (annual rye grass, crimson clover, 
turnip, and radish). 
 
Figure 2. Optimum nitrogen 
fertilizer rate and yield at the 
optimum fertilizer rate 
among three cover crop 
treatments at  the near 
Beresford and Brookings, SD 
in 2019 and 2020. Cover crop 
treatments consisted of 1) no 
cover crop, 2) single grass 
species (annual rye grass), 
and 3), grass/broadleaf 
mixture (annual rye grass, 
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Figure 3. Post-harvest soil nitrate-nitrogen (0 to 3 ft.) response to N fertilizer within three cover 
crop treatments at the Southeast Research Farm near Beresford and Brookings, SD in 2019 and 
2020. Cover crop treatments consisted of 1) no cover crop, 2) single grass species (annual rye 
grass), and 3), grass/broadleaf mixture (annual rye grass, crimson clover, turnip, and radish). 
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SDSU Biophysicas and Hydrology 
Lab: Project Report from Research 
Plots located at the SDSU Southeast 
Research Farm 
 
Sandeep Kumar (PI)∗, Jashanjeet Kaur 
Dhaliwal (PhD candidate), Anuoluwa 
Sangotaya (PhD student), Jemila Chellappa 
(Research Assistant I), Teerath Singh Rai 
(PhD Candidate); Peter Kovacs;                 
Thandiwe Nleya 
 
Project 1 (USDA-CAP Site): Impacts of 
Grazing and Cover Crops on Soil 
Properties and Greenhouse Gas Fluxes 
Project personnel: Sandeep Kumar (PI), 
Jashanjeet Kaur Dhaliwal (PhD candidate) 
 
Summary: The experiment was initiated in 
2016 to study the impacts of cover crops and 
grazing under integrated crop livestock 
system on soil properties and greenhouse 
gas fluxes at SDSU Southeast Research 
Farm at Beresford, South Dakota. The 
treatments were imposed in the year 2016 as 
three phases viz. maize, soybean and oat 
phase. Study treatments included: i) no 
cover crops and no grazing (CNT); ii) 
grazing of crop residues after grain harvest 
and cover crops (G); iii) cover crops with no 
grazing (CC) under single crop rotation 
system which annually rotates corn (Zea  
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mays L.; C), soybean [Glycine max (L.) 
Merr.; S], and oat (Avena sativa L.; O) such 
that each phase of the rotation system was 
present in each year of the study (i.e., C-S-
O, S-O-C, and O-C-S) and iv) grazed 
pasture (GP). The treatments were laid out 
in randomized complete block design with 
four replications. 
 
Task 1. Measurement of Soil 
properties.  
Soil samples were collected from each 
treatment at four random locations (2 
transects, 2 samples/transect) free of tractor 
wheel traffic using a push probe auger 
having a diameter of 3.2 cm. In C-S-O 
sequence, during corn phase, CNT, CC, and 
G had significantly higher soil moisture as 
compared to the GP, averaged across 
measurement dates. No significant 
differences were observed among the 
treatments in soybean phase. During oat 
phase, the CC and G plots had higher soil 
moisture content in comparison with GP, 
however, it was similar with that of the 
CNT. In fallow/CC phase, there were no 
differences noticed in soil moisture content 
among treatments. In S-O-C sequence, 
during soybean phase, G had significantly 
higher soil moisture content as compared to 
the GP and similar with that of CNT and 
CC. In oat and fallow/CC phase, no 
significant differences were observed among 
the treatments. During corn phase, CNT, 
CC, and G plots had higher soil moisture 
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content in comparison with GP. In O-C-S 
sequence, the treatments had similar soil 
moisture content during fallow/CC and corn 
phase. However, in soybean phase, it was 
higher in CNT, CC, and G plots in 
comparison with GP. In C-S-O sequence 
during corn phase, soil temperature under 
GP was higher than that of the CNT, CC, 
and G, averaged across measurement dates. 
No significant differences were observed 
among the treatments in soybean phase. 
During oat phase and fallow/CC phase, GP 
had higher soil temperature than the CNT, 
however, it was similar with that of the CC 
and G. In S-O-C sequence, there were no 
differences noticed in soil temperature 
among treatments during soybean, oats, and 
fallow/CC phase. However, in corn phase, it 
was higher in CC plots as compared to the 
GP, but was comparable with CNT and G. 
In O-C-S rotation, during fallow/CC and 
corn phase, CNT, CC, G and GP had similar 
soil temperature. However, in soybean 
phase, CNT had higher soil temperature than 
that of the CC, G and GP. Soil pH and EC 
did not differ among the treatments under C-
S-O, S-O-C and O-C-S sequences and 
ranged from 5.7 to 6.2 and 0.1 to 0.2 dS m-1, 
respectively. Higher SOC was recorded in 
GP than CNT, CC, and G, whereas in case 




Task 2. Measuring GHG fluxes.  
No effect of cropping sequences on 
cumulative CO2 fluxes and no interaction 
between treatments and cropping sequences 
was recorded (p>0.05). Grazed pasture 
showed greater cumulative CO2 fluxes than 
CNT, G and NG (p<0.05). However, no 
differences were observed in cumulative 
CO2 fluxes among CNT, CC and G 
treatments when averaged across rotation 
sequences. The N2O fluxes were lower in 
CC and GP than that of CNT and G, 
however, no differences were observed 
between CNT and G and between CC and 
GP, averaged across rotation sequences. No 
difference in cumulative CH4 fluxes was 
recorded among treatments when averaged 
across rotation sequences 
 
Task 3. Measuring soil pore-size 
distribution and hydrological 
properties.  
Grazed pasture significantly enhanced 
macroporosity than that of the CNT, 
however no differences were observed 
among G, CC, and CNT treatments. Coarse 
mesoporosity, fine mesoporosity and 
microporosity was not influenced by the 
treatments under all the sequences (P>0.05). 
The G significantly improved infiltration 
rate than the CNT. However, no significant 
differences were observed in hydraulic 





• Published and submitted papers 
• Dhaliwal, J.K. and Kumar, S. 
2020. Hydro-physical soil properties 
as influenced by short-and long-term 
integrated crop-livestock 
agroecosystems. Soil Sci. Soc. Am. J.  
 
• Dhaliwal, J.K. and Kumar, S. 
2020. 3D-visualization and 
quantification of soil porous 
structure under three land uses using 
X-ray micro-tomography scanning. 
Soil and Tillage Research. (under 
review) 
 
• Oral presentations 
 
• Dhaliwal, J.K., Singh, N. and 
Kumar, S. 2020. Assessing the Effect 
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of Integrated Crop-Livestock System 
on Soil Porosity Using X-Ray 
Computed Tomography. Oral 
Presentation at the ASA-CSSA-
SSSA. Virtual International Annual 
Meeting, November 10-13, 2020. 
 
• Dhaliwal, J.K. and Kumar, S. 
2020. Impacts of Integrated Crop-
Livestock System on Soil Physical 
and Hydrological Properties in 
Eastern South Dakota. Oral 
Presentation at SWCS. Virtual 




Project 2 - 2020; Impacts of Manure and 
Inorganic Fertilizer on Soil Fertility, 
Water Quality, and Crop Yield in South 
Dakota  
 
Project personnel: Sandeep Kumar, Peter 
Kovacs, Anuoluwa Sangotaya (PhD 
student), and Jemila Chellappa (Research 
Assistant I) 
 
Summary: The experimental site for SDSU 
soil fertility project is located at the SDSU 
Southeast Research Farm at Beresford, 
South Dakota. The experimental site was 
established in 2003 to assess the influences 
of manure and inorganic fertilizer on the 
long-term corn (Zea mays L.)-soybean 
(Glycine max. L.) rotation with crop rotation 
corn-soybean-spring wheat. The 
experimental site has 24 plots with 4.6 to 20 
m dimensions into completely randomized 
block design. The study treatments include: 
three manure rates [low manure (LM), 
manure application based on the 
phosphorous requirement; medium manure 
(MM), manure application based on nitrogen 
requirement; high manure (HM), two times 
prescribed nitrogen rate], two chemical 
fertilizer rates [medium fertilizer (MF), 
recommended inorganic fertilizer rate; high 
rate of the fertilizer (HF)], and control (CK, 
without any manure or fertilizer 
application). The manure was applied in the 
spring in a manual application and 
incorporated by disk at 6-cm deep for 1 to 3 
days before planting. Fertilizer treatments 
for 190 kg ha-1 yield goal for corn in 2018 
and no fertilizer application was done for 
soybean in 2019. The spring wheat was 
introduced into the corn-soybean rotation in 
2020 spring and cover crops were added in 
the rotation in 2020 fall. The introduction of 
the spring wheat and cover crops into the 
rotation is to diversify crop rotation and 
increase year round soil coverage and target 
nutrient scavenging. The present study will 
help in assessing the impacts of 
incorporating the cover crops in enhancing 
the soil health and water quality under corn-
soybean-spring wheat rotation managed with 
different manure and fertilizer treatments.  
 In 2020, soil pH determined for post-
harvest spring wheat soils at a depth of 0-60 
cm ranged from 6.95 to 8.30. In general, 
manure application decreased the bulk 
density. Lower bulk density (1.32 Mg m-3) 
was observed under high manure compared 
to control treatment (1.61 Mg m-3) at 0-10 
cm soil depth. Manure application increased 
the enzyme activity as compared to the 
control for 0-5 cm soil depth, indicating the 
availability of higher substrates in soils due 
to manure application. Higher arylsulphatse 
(124.4 µg p-nitrophenol g-1 soil h-1), β-
glucosidase (8.34 µg p-nitrophenol g-1 soil h-
1) and acid phosphatse activity (117.0 µg p-
nitrophenol g-1 soil h-1) were observed under 
high manure application when compared to 
control during spring wheat. The results 
demonstrate that manure can increase 
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enzyme activity compared to inorganic 
fertilization. However, risks for nutrient 
transport away from the field were also high 
when manure applications exceeded 
recommend rates based on soil phosphorus. 
Therefore labile, moderately labile, and 
stable pools of soil P fractions have been 
studied to identify the impact of manures 
and fertilizers on nutrient pools and for 
which analysis is under progress. Data of 
previous years showed that the treatments 
which included manure had significantly 
higher nutrient mineralization than inorganic 
fertilized treatments and control at surface 
soil depth. The manure treatments also had 
higher hot water and cold water soluble 
organic C and N fractions than inorganic 
fertilized treatments at both sites. The results 
demonstrate that manure can increase soil 
labile organic C and N compared to 
inorganic fertilized and unfertilized 
treatments. Biomass samples were collected 
at harvest for calculating nutrient uptake and 
use efficiencies of spring wheat. Spring 
wheat yield ranged from 30.3 to 59.6 bu ac-
1. 
Objectives 
The primary goal of this project is to provide 
information to producers on the optimum 
rates of inorganic fertilizer and manure for 
enhancing soil fertility and crop yields 
without losing extra N and P losses. The 
specific objectives of the project are to: 
1. Assess the impacts of manure and 
inorganic fertilizer applications 
under corn-soybean-spring wheat-
cover crop rotation on soil P 
fractions (organic and inorganic) at 
two sites (Beresford and Brookings).  
2. Assess the impacts of manure and 
inorganic fertilizer applications on 
soil health indicators (microbial 
carbon, enzymes, phospholipid fatty 
acids, water retention and storage, 
porosity, and water infiltration rate). 
3. Assess the impacts of manure and 
inorganic fertilizer applications on N 
loss via leaching, NH3 volatilization, 
N2O emissions, and N retention in 
plant and soil pools. 
4. Assess the impacts of manure and 
inorganic fertilizer applications on 
crop growth parameters, nutrients in 
plants, and N use efficiency. 
 
Methods 
Soil samples were collected before 
planting in 2020 to determine the nutrient 
status and to apply manure and fertilizer to 
the treatments. Spring wheat was planted, 
and calculated manure and fertilizers were 
applied based on the treatment requirement. 
Soil samples were collected from 0-5 and 5-
15 cm depths in 4 replicates and composited 
for each plot in June 2020 to analyze 
selected soil health indicators. Post-harvest 
spring wheat soil samples (0-60 cm) and 
plant samples were collected in August 2020 
at both the sites and cover crops were 
planted. Soil samples were also collected 
after establishment of cover crops in 
November 2020. Detailed tasks are 
mentioned below for 2020.  
 
Task 1.  To determine soil phosphorus 
fractions. Impacts of manure and inorganic 
fertilizer applications under corn-soybean-
spring wheat-cover crop rotation on soil P 
fractions (organic and inorganic) at two sites 
(Beresford and Brookings). Soil samples 
were collected from 0-5 cm (surface), and 5-
15 cm (sub surface) depth from each plot in 
June 2020 (during spring wheat). Samplings 
after the harvest of spring wheat (Sep 2020) 
and during cover crop (Nov-Dec 2020) were 
collected at both the sites to determine 
available phosphorus content. At both the 
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sites, phosphorus fractions (labile, 
moderately labile, and non-labile) were 
determined using the fractionation procedure 
for 0-30 cm soil depth. Total P concentration 
was determined (HClO4–HNO3 digestion). 
Both organic and inorganic P levels were 
determined by measuring with NaHCO3, 
NaOH and HCl extracts. The residual P 
content was determined by subtracting the 
amount of extracted P from the total P 
content. Microbial biomass P was 
determined by the fumigation-extraction 
method. The total aboveground biomass was 
collected at crop harvest to calculate dry 
matter production at both the sites. Soil P 
stock will be calculated for each soil depth. 
In addition, P concentrations in leaves and 
grain, as well as P accumulation will be 
calculated. Data analysis for this objective is 
under progress. 
Task 2.  To Assess Soil Health. 
Impacts of manure and inorganic fertilizer 
applications on soil health indicators such as 
C and N fractions, enzyme activities, 
microbial community structure (MCS), and 
physical and hydrological properties. Soil 
samples at 0-5 and 5-15 cm depths were 
taken from each plot for the two sites 
(Beresford and Brookings). Collected soil 
samples were stored in a cooler, transported 
to the lab, and stored at 4°C for soil enzyme 
activities and microbial biomass analysis 
and at -20 °C for MCS analysis. Part of a 
sample was air-dried and ground to pass 
through a 2-mm sieve for further analysis. 
Soil organic C and total N concentrations 
were determined by combustion using a C 
and N analyzer after grinding the soil to 0.1 
mm. Microbial biomass C (MBC) and 
(MBN) N, active C (AC), water-soluble C 
(WSOC) and N (WSON) were also 
determined. While the content of MBC and 
MBN were analyzed by using the 
fumigation-extraction method, AC in soils 
was measured using the permanganate 
oxidizable C. Water-soluble C and WSON 
were determined using a distilled water in a 
soil/solution ratio of 1:10. Enzyme assays 
following standard protocols with sample 
incubation at 37°C for a fixed period in a 
specific buffer pH range, with the needed 
substrate was used to calculate the 
respective enzymes. Moisture content was 
determined from loss in weight following 
drying at 105°C for 48 h. Phospholipid fatty 
acid (PLFA) analysis was used to assess the 
composition of MCS. Briefly, phospholipids 
were separated from neutral lipids and 
glycolipids in silica gel columns. Fatty acid 
methyl esters were created through mild acid 
methanolysis. The PLFA methyl esters 
analyzed on an Agilent gas chromatography 
and the sum of all PLFAs were used to 
estimate total microbial biomass and the 
process is under progress for both the sites.  
Task 3.  Soil nitrogen losses 
assessment. To assess the impacts of manure 
and inorganic fertilizer applications under 
corn-soybean-spring wheat-cover crop 
rotation on N loss via leaching, NH3 
volatilization, N2O emissions, and N 
retention in plant and soil. Soil samples were 
collected for measuring the NO3-N and 
NH4-N contents using the KCl extraction 
method. NO3-N was determined whereas the 
NH4-N is to be calculated. Plant dried 
samples were ground to pass through a 0.5 
mm sieve and have been digested with 
H2SO4-H2O2 to measure N level in the plant 
is still under progress. 
Task 4.  To Assess Crop growth and 
yield. To assess the impact of manure and 
inorganic fertilizer applications under corn-
soybean-spring wheat-cover crop rotation on 
crop growth parameters (crop height, 
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different crop growth stages, crop yield, 
1000 grain weight), nutrients in plants, and 
N use efficiency, agronomic N use 
efficiency and physiological N use 
efficiency. Collected plant samples at 
harvest were dried at 70ºC and ground to 
pass a 20-mesh sieve for measuring nutrients 
levels. Nutrient uptake will be calculated 
based on the percent nutrient in grain/straw 
and dry matter content of grain/straw. The N 
use efficiency will be calculated as a ratio of 
(N uptake by the crop on N treated plots - N 
uptake by the crop on the control) to the 
total N applied. The agronomic N use 
efficiency will be determined by dividing 
(the yield in N treated plot - the yield in 
control plot) by the rate of applied N. The 
physiological N use efficiency for grain will 
be calculated by dividing the sun-dried grain 
weight from all plant harvest by the total N 
accumulation at maturity. The physiological 
N-use efficiency for biomass will be 
calculated by dividing the plant matter 
accumulation at maturity by the total N 
accumulation at maturity. 
Project deliverables  
• Published and submitted papers 
o Gautam, A., Jose Guzman, Péter 
Kovács and Sandeep Kumar. 2020. 
Manure and inorganic fertilization 
impacts on soil nutrients, aggregate 
stability, organic carbon and nitrogen 
in different aggregate fractions. 
Archives of Agronomy and Soil 
Science. (Under Revisions) 
o Gautam, A., Udayakumar Sekaran, 
Jose Guzman, Péter Kovács, Jose 
Gonzalez and Sandeep Kumar. 2020. 
Responses of soil microbial 
community structure and enzymatic 
activities to long-term application of 
mineral fertilizer and beef manure. 
Environmental and Sustainability 
Indicators. (In Press). 
o Gautam, A. MS student. (Graduated 
Fall 2019). Long-term impacts of 
manure and inorganic fertilization on 
soil physical, chemical, and 
biological properties. MS Thesis. 
o Gautam, A., Jose Guzman, Sandeep 
Kumar, Peter Kovacs and Peter 
Sexton. 2019. Long-Term Impacts of 
Manure Application and Inorganic 
Fertilization on Soil Health in South 
Dakota. Poster presentation at Soil 
Science Society of America Annual 
Meeting in San Diego, CA.  
o Abagandura, O.G., Butail, P.B., 
Mahal, N.K., Gautam, A., Kumar, S. 
2019. Carbon and Nitrogen Pools as 
Affected by Long-Term Manure and 
Synthetic Fertilizer Application in 
Corn and Soybean Rotation. Oral 
presentation at 2019 ASA-CSSA-
SSSA International Annual Meeting, 
Nov. 10-13, San Antonio, Texas. 
o Gautam, A., Guzman, J.G., Peter 
Kovacs, P., Sexton, P, and Kumar, S. 
2019. Long-Term Impacts of Manure 
Application and Inorganic 
Fertilization on Soil Aggregate 
Stability, Soil Organic Carbon and 
Nitrogen in Different Aggregate 
Factions in South Dakota. Oral 
presentation at 2019 ASA-CSSA-
SSSA International Annual Meeting, 
Nov. 10-13, San Antonio, 
Texas.               
o Gautam, A., Sekaran, U., Guzman, 
J.G., Peter Kovacs, P., Kumar, 
S., and Sexton, P. 2019. Long-Term 
Impacts of Manure Application and 
Inorganic Fertilization on Microbial 
Properties in South Dakota. Poster 
with 5-minute Rapid presentation at 
2019 ASA-CSSA-SSSA 
International Annual Meeting, Nov. 
10-13, San Antonio, Texas. 




• Oral Presentation at SSSA conference 




Project 3; Title: Impact of Integrated 
Crop Livestock Production System on 
Crop Yields 
Project personnel: Sandeep Kumar (PI), 
Thandiwe Nleya, Teerath Singh Rai (PhD 
candidate) 
Summary: Specialized farming has 
overtaken the traditional agricultural 
practices. The benefits include cheaper food 
and more access to once expensive food 
items. But, along with that new problems 
have surfaced. The current farming practices 
have led to repeated cultivation of few crop 
species, usage of similar agrochemicals over 
time, more pollutants being released into 
environment, gradual loss of biodiversity 
and shrinking grasslands. A lot of research 
activities have been initiated towards 
studying the impact of cover crops and well 
managed grazing practices towards soil 
properties. Similarly, the goal of the current 
research is to study the impact of integrated 
crop livestock systems on the crop yields. 
The experimental site for the integrated crop 
livestock production system project is 
situated at the SDSU Southeast Research 
Farm located at Beresford, South Dakota. 
The crop rotation consists of oat – corn – 
soybean (CNT treatment). After harvesting 
the oat, cover crop mixtures are sown in the 
late summer/early fall (CC treatment) and 
are then grazed in late fall (ICL treatment). 
These cover crops provide ample organic 
matter to the soil, prevent nutrient leaching 
and erosion, improve soil structure, and 
provide forage for grazing the cattle. In 
ungrazed plots, cover crops act as direct 
addition of C to the soil, whereas in grazed 
plots organic matter is added in the form of 
manure. Crop yield data collected from 2016 
to 2019 exhibited no significant difference 
between the crop yields of the three 
treatments. Seasonal precipitation, however, 
had a greater role in the year to year 
variation in the crop yields (P = 0.002). The 
economic benefit from the ICL systems was 
however found to be significantly higher 
than the control and cover crop treatments 
(P = 0.003). 
 
 
Project 4; Topic: Influences of Manure 
and Fertilizer Application in Corn-
Soybean-Spring Wheat/Cover Crops 
Rotation on Water Availability and 
Quality, Soil Fertility, and Crop Yield 
Project personnel: Sandeep Kumar (PI), 
Anuoluwa Sangotayo (PhD student) 
 
Objective 1. Soil Water Retention and 
Water Availability. Assess the impacts of 
manure and inorganic fertilizer applications 
under corn-soybean-spring wheat-cover crop 
rotation on soil water retention and available 
water content for 0-40 cm with 10-cm depth 
increment at two sites (Beresford and 
Brookings). 
 
Objective 2. CT Scanning. Assess the 
impacts of manure and inorganic fertilizer 
applications on pore size distribution (0-40 
cm depth with 10 cm increment) 
 
Objective 3. Soil Nutrients. Assess the 
impacts of manure and inorganic fertilizer 
applications on crop growth parameters, 
nutrients in plants, and N use efficiency. 
 
Objective 4. Crop Yield. Assess the 
impacts of manure and inorganic fertilizer 
applications on crop biomass, yield, and 
nutrients. 




Summary: Experimental sites were 
established at Brookings and Beresford in 
South Dakota. The research plots were 
initiated in 2003 at the Beresford site and 
2008 at the Brookings site to study the effect 
of manure and inorganic fertilizer 
application rates on crop production and soil 
quality. Previous results on soil quality and 
greenhouse gas (GHG) emissions have been 
assessed in 2015 and 2016. The Brookings 
site is located at South Dakota State 
University Felt Research Farm near 
Brookings (44˚ 22’ 07.15” N and 96˚ 47’ 
26.45” W) on well drained Vienna soil 
(Fine-loamy, mixed, frigid Udic 
Haploborolls). The experiment is a 
randomized complete block design with 4 
replications. Dimensions for each plot at this 
site are 19.7 feet by 59.1 feet. The plots are 
nearly flat with the slope of <1% and 
elevation of 1699.5 feet. The experimental 
areas were observed with humid continental 
climate having relatively humid summers 
and cold, snowy winters with a mean air 
temperature of 82.04°F in the summer and 
3.56°F in the winter, respectively. The mean 
annual precipitation is about 25.1 inches. 
The Beresford (43˚ 02’ 33.46” N and 96˚ 
53’ 55.78” W) site is located at the SDSU 
Southeast Research Farm in Clay County on 
Egan soil (Fine-silty, mixed, mesic Udic 
Haplustolls). The plots at Beresford site 
were established in nearly flat areas with the 
slope of <1%, and elevation of 1279.5 feet. 
The experimental site was observed with 
humid continental climate having relatively 
humid summers and snowy winters with a 
mean air temperature of 85.1°F in the 
summer and 7.52°F in the winter, 
respectively. The mean annual precipitation 
was about 26.69 inches. Dimensions for 
each plot at Beresford site are 15.1 by 65.6 
feet. 
Project deliverables  
• Oral Presentation at SSSA conference 
2020  
Anuoluwa Sangotayo, Asmita Gautam, 
Ekrem Ozlu, Goutham 
Thotakuri, Jashanjeet Kaur Dhaliwal, 
Jemila Chellappa, Peter Kovacs, Jose 
Guzman, and Sandeep Kumar. Soil 
Organic carbon and Water Retention as 
Influenced by Long-Term Organic and 
Inorganic Fertilizer Application in South 
Dakota. Oral Presentation at the ASA-
CSSA-SSSA. International Virtual 
Annual Meeting at Phoeniz, Arizona. 
November 09-13, 2020.  
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Additional Inoculation Effect on 
Soybean Yield and Seed 




Over the last century soybean yields 
increased, and with this rise has come a slow 
decrease in the protein concentration of the 
seeds. Research over the years has shown 
that there are many factors that influence 
protein levels. 
Inoculation has been shown to be beneficial 
in fields in which soybeans have not been 
grown in over five years. Inoculation with 
Bradyrhizobium japonicum has been 
successful in increasing soybean nodulation, 
with increases in plant fresh weight, seed 
protein, and seed yield in soils with a low or 
absent native population according to Abel 
and Erdman (1964) and Caldwell and Vest 
(1970). The objective of this research was to 
compare if additional seed inoculations 
increase grain yield and protein 
concentrations. 
 
MATERIAL and METHODS 
In this study the soybeans were re-planted at 
140,000 seeds per acre on June 8 in 2019 
                                                          
∗ Corresponding author: Peter.Kovacs@sdstate.edu 
and planted on May 14 in 2020. The 
previous crop was corn (Zea mays L.) Field 
was prepared using conventional tillage in 
2019, while the ground was no-till in 2020. 
We used AG24X7 (maturity group 2). 
Treatments included four combinations of 
inoculation treatments with and without 
sulfur supply. Ammonium sulfate (AMS) 
was broadcast applied at planting as 20 lbs 
S/ac. The inoculation treatments were as 
follows: 
• untreated 
• additional seed inoculation with 
Bradyrhizobium Japonicum,  
• additional seed inoculation with 
Azospirillum brasilense, and  
• additional seed inoculation with 
Bradyrhizobium japonicum and 
Azospirillum brasilense). 
Inoculant was applied at 4 fl. oz/140,000 
seeds from both inoculums according to the 
treatments. Treatments were arranged in a 
randomized complete block design with 4 
replications. 
Pre-plant soil samples from 0-6” and 6-24” 
layers were taken from each replication. 
Each composite sample contained 12 soil 
cores. Samples were analyzed by a 
commercial certified laboratory for the basic 
soil chemical parameters (soil pH, organic 
matter, NO3-N, P, K, and SO4-S 
concentration).  Soybeans were harvested on 
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October 18 in 2019, and on September 30 in 
2020; yield data was recorded through a 
Kincaid 8XP plot combine; and yields were 
adjusted to 13% moisture content. Seed 
protein and oil concentrations were 
determined by InfraTec Nova (FOSS 
Analytics, Hillerød, Denmark). Statistical 
analyses were carried out with SAS 9.4 
statistical software package. Years were 
considered fixed effect in the statistical 




Pre-plant soil test results presented in Table 
1. Averaged across the two years, 
treatments’ final plant stand did not differ 
(Table 2.) 
Grain yield levels were similar in the two 
years (52.6 bu/ac in 2019 and 51.0 bu/ac in 
2020). Wet spring delayed planting in 2019, 
and dry grain filling period in 2020 likely 
caused the overall lower yield levels. 
Averaged over the two years, additional 
seed inoculation did not improve neither 
grain yield nor grain protein concentration 
(Table 2). 
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Table 1. Pre-plant soil chemical properties near Beresford, SD in 2019 and 2020.  
Soil parameter 2019 2020 
 0-6” 6-24” 0-6” 6-24” 
Soil pH 6.35 7.43 5.68 6.30 
Soil organic matter (%) 3.15 2.4 3.85 3.28 
NO3- -N (ppm) 1.0 1.0 2.7 4.1 
Bray-1 P (ppm) 27.3 8.0 22 4.6 
K (ppm) 366 156 195 114 
SO4-S (ppm) 8.5 11.25 6 5.8 
 
  




Table 2. Inoculum application, with or without additional sulfur application effect on grain yield, 
protein and oil concentrations near Beresford, SD in 2019.  














Control No 99,100 53.0 34.6 18.7 
 Yes 103,100 52.5 34.5 18.6 
Bradyrhizobium japonicum No 97,900 51.6 34.7 18.4 
 Yes 100,200 52.6 34.4 18.7 
Azospirillum brasilense No 100,400 51.2 34.6 18.6 
 Yes 99,400 49.1 34.3 18.7 
Both No 103,100 52.9 34.6 18.6 
 Yes 99,600 51.7 34.4 18.6 
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Late-season Soybean                        
Fertilizer Application 
Péter Kovács∗ and Reid Barker 
INTRODUCTION 
Over the last century soybean yields 
increased, and with this rise has come a slow 
decrease in the protein concentration of the 
seeds. In addition, total nutrient uptake has 
also been increased and shifted later in the 
growing season. 
Most of the nitrogen (N) being supplied 
through N fixation, however, N demand may 
be larger during the grain filling period than 
can be obtained by N fixation (Wesley et al., 
1998). Wesley et al. (1998) documented 
yield increase with late season N application 
in irrigated environment.  
The objective of this research was to 
investigate late-season (early – mid grain 
filling) N and S fertilizer application effects 
on grain yield and protein concentrations in 
a dryland growing environment. 
MATERIAL and METHODS 
In this study the soybeans were planted in 
no-till ground at 140,000 seeds per acre on 
May 14, 2020. The previous crop was corn 
(Zea mays L.). Two soybean varieties were 
planted (AG11X8 and AG24X7; 1.1 and 2.0 
maturity group, respectively). 20 lbs S/ac as 
ammonium sulfate (AMS) was applied as 
the treatments indicated. The fertilizer was 
                                                          
∗ Corresponding author:  Peter.Kovacs@sdstate.edu 
Y-Drop applied at 30 gal/ac rate. Fertilizer 
was at pre-plant, R3 (beginning of pod), R5 
(beginning seed), or R6 (full seed) growth 
stage. Two additional treatments were 
included: Additional inoculant application 
with Bradyrhizobium japonicum at V4 (four 
leaf) growth stage, and inoculum at V4 and 
a fertilizer application at R5 growth stages. 
20 fl. oz/ac America’s Best Inoculant was 
applied at 30 gal/ac rate with Y-Drop. 
Treatments were arranged in a complete 
randomized block design with 4 replications. 
Pre-plant soil samples from 0-6” and 6-24” 
layers were taken from each replication. 
Each composite sample contained 12 soil 
cores. Samples were analyzed by a 
commercial certified laboratory for the basic 
soil chemical parameters (soil pH, organic 
matter, NO3-N, P, K, and SO4-S 
concentration).  
Soybeans were harvested on September 30, 
2020; yield data was recorded through a 
Kincaid 8XP plot combine; and yields were 
adjusted to 13% moisture content. Seed 
protein and oil concentrations were 
determined by InfraTec Nova (FOSS 
Analytics, Hillerød, Denmark). Statistical 
analyses were carried out with SAS 9.4 
statistical software package. Years were 
considered fixed effect in the statistical 
model and were combined during the 
analysis. 
 




Pre-plant soil test results presented in Table 
1.  Average grain yield was about 50 bu/ac 
across maturity groups and fertilizer 
treatments; however, treatments did not 
differ (Table 2). Grain protein concentration 
in the MG2 variety averaged at 34.5%, and 
for the MG1 variety at 33.8%. However, 
fertilizer application treatments did not 
differ from the untreated control (Table 2). 
Variety also influenced grain oil 
concentration, but MG1 variety had higher 
concentration (19.3%) compared to the MG2 
variety (18.7%), but there were no 
differences among fertilizer treatments. 
Heavier seeds in MG2 variety also 
contributed to the higher grain yield 
compared to the MG1 variety (Table 2). 
Onset of droughty conditions in early July, 
hindered pod setting and seed filling, and 
also likely limited nutrient movement and 
nutrient uptake from the late-season 
fertilizer application and resulting no 
response to the treatments. 
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Table 1. Pre-plant soil chemical properties near Beresford, SD in 2020.  
Soil parameter 0-6” 6-24” 
Soil pH 5.58 6.63 
Soil organic matter (%) 3.8 3.13 
NO3- -N (ppm) 2.95 3.13 
Bray-1 P (ppm) 20.3 4.98 
K (ppm) 195 105 









Table 2. Late-season fertilizer application effect on grain yield, protein and oil concentrations near 


















MG 1 Control 46.0 33.5 19.5 63.6 
 Pre-plant 51.8 33.5 19.4 63.7 
 R3 49.7 33.9 19.3 61.8 
 R5 54.0 33.9 19.3 64.5 
 R6 44.5 34.0 19.2 64.4 
 V4 inoculation 51.7 34.0 19.2 63.0 
 V4 inoculation 
+ R5 fertilizer 
51.9 33.9 19.1 62.6 
MG 2 Control 49.2 34.5 18.8 67.6 
 Pre-plant 47.6 34.1 18.8 65.3 
 R3 48.9 34.7 18.7 68.7 
 R5 50.8 34.7 18.7 69.5 
 R6 50.9 34.3 18.8 65.1 
 V4 inoculation 48.9 34.5 18.7 68.5 
 V4 inoculation 
+ R5 fertilizer 
53.1 34.7 18.6 66.1 
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Sulfur Source and Application 
Timing Effect on Soybean Yield 
Gena Mahato and Péter Kovács∗ 
 
BACKGROUND 
Sulfur (S) is one of the essential nutrients for 
grain legumes and also important for protein 
synthesis. The atmospheric deposition of S 
in the soils has been reduced due to 
decreased S pollutant emission level after 
the implementation of amendments to the 
Clean Air Act in 1990. Numerous 
observations of S deficiency in soybean 
have been reported in the Midwest due to 
increased removal of S with higher yielding 
crops and lower S deposition in recent years. 
Soybean yield response to S has also been 
reported in several studies throughout the 
Midwest.  
 
GOALS and OBJECTIVES 
The goal of this research project is to 
investigate whether there is soybean yield 
response to S fertilizers in South Dakota. 
Specific objectives are 1) determine if S 
source and rate affects soybean yield and 
nutrient uptake, 2) determine if S application 
timing affects yield response to fertilizer 
application. 
S source studies  
This study was conducted in 2019 and 2020 
at the Southeast Research Farm, Beresford, 
SD. AG20X7 was planted on May 16th and 
replanted on June 8th in 2019, and the same 
variety was planted on May 9th in 2020. The 
treatments were the application of 5, 10, 20, 
and 30 lbs S ac-1 from three S sources which 
included ammonium sulfate (AMS; 21-0-0-
24S), Microessential (MES 10; 12-40-0-
10S), and Tiger XP (0-0-0-80S) fertilizers. 
MES 10 and Tiger XP contained 
combination of elemental sulfur and sulfate 
sulfur in the fertilizer. Additional N and P 
were added to the treatments with AMS and 
Tiger XP to provide equal amounts of 
nutrients within the same S rates. Fertilizers 
were broadcast applied at planting.  
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Table 1. Pre-plant soil chemical properties for the S Sources study near Beresford, SD 




0-6” 6-24” 0-6” 6-24” 
Soil pH 6.2 7.9 5.8 7.0 
Organic matter (%) 3.1 2.3 3.6 2.8 
NO3-N (ppm) 8.0 7.0 2.0 3.4 
Bray-1 P (ppm) 18.7 6.6 21.4 3.2 
SO4-S (ppm) 3.3 4.0 6.3 4.5 
 
Table 2. S sources and S rates effect on grain yield and seed protein and oil content in 2019 
and 2020 near Beresford, SD 
 
S source  
 
S rate 














Control 0 55.9 33.6 18.8 45.9 34.5 19.3 
AMS 5 55.3 33.5 19.0 48.0 34.9 19.0 
AMS 10 54.2 33.4 19.0 47.5 34.9 18.8 
AMS 20 56.9 33.8 18.8 46.4 35.0 18.6 
AMS 30 54.0 33.5 18.8 46.1 34.3 19.1 
MES 5 54.7 33.5 18.8 45.6 35.1 18.8 
MES 10 54.1 33.2 19.0 45.2 35.0 18.8 
MES 20 54.0 33.5 18.8 40.6 34.9 18.8 
MES 30 54.8 33.8 18.8 44.6 34.9 18.6 
Tiger XP 5 53.9 33.4 19.0 46.2 34.8 19.0 
Tiger XP 10 55.2 33.9 18.8 44.8 34.8 19.0 
Tiger XP 20 56.4 33.6 18.9 49.5 34.9 18.9 
Tiger XP 30 53.9 33.5 18.9 45.4 34.9 18.7 
p<F        
S source  0.77 0.87 0.71 0.13 0.62 0.61 
S rate  0.61 0.84 0.42 0.91 0.66 0.73 
S source x S rate 0.83 0.35 0.61 0.43 0.79 0.62 
 
Pre-plant soil test indicated approximately 
30.5 lbs S ac-1 in 2019 and 39.5 lbs S ac-1 in 
2020 in the top 2’ soil (Table 1) which 
would be categorized as high soil S level as 
per SD fertilizer recommendation guide.  
Result indicated that neither of the S sources 
nor S rates impacted the grain yield in both 
years. Similarly, S sources and S rates did 
not impact seed protein and oil content in 
both years. 
S season studies 
This study was conducted in 2019 and 2020 
at Southeast Research Farm, Beresford, SD. 
Five different sulfur applications timing and 
their combinations were foliar applied using 
ammonium-sulfate (21-0-0-24S). 5 lbs S ac-1 
rate with one time application was applied at 
pre-plant, V4 (four fully extended trifoliate), 
R2 (full bloom), R3 (beginning pod), and R4 
(full pod) growth stages and application of 
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two growth stages (V4+R2, V4+R3, R2+R3) 
with 5 lbs S ac-1 at each application timing 
were also included for comparison with pre-
plant 10 lbs S ac-1 application. In addition, 
V4 S application with micronutrient package 
(32 fl oz ac-1 Brandt Smart Quattro) was 
included in both years. Pre-plant treatments 
were broadcast applied while in-season 
applications were foliar applied at 15 gal ac-
1 rate. In 2020 only a broadcast AMS 
application at 5 lbs S ac-1 at V4 growth stage 
was also included among the treatments. 
AG20X7 variety was planted on May 16th 
and replanted on June 8th in 2019, and the 
same variety was planted on May 9th in 
2020. 
Pre-plant soil test indicated approximately 
90 lbs S ac-1 in 2019 and 42.5 lbs S ac-1 in 
2020 in the top 2’ soil (Table 3) which 
would be categorized as high soil S level as 
per SD fertilizer recommendation guide.  
 
Table 3. Pre-plant soil chemical properties for the S Season study near Beresford, SD 




0-6” 6-24” 0-6” 6-24” 
Soil pH 6.9 7.6 5.9 7.0 
Organic matter (%) 3.1 2.9 3.5 3.0 
NO3-N (ppm) 5.5 6.8 2.3 2.7 
Bray-1 P (ppm) 22.0 14.5 24.7 16.2 
SO4-S (ppm) 6.0 13.0 6.8 4.8 
 
Table 4. S application timing and rate effect on grain yield and seed protein and oil content 
















Control 63.5 a 33.4 19.0 46.7 34.2 ab 19.4 
Pre-plant 5 (lbs ac-1) 63.4 a 33.5 18.9 46.1 34.1 ab 19.4 
V4 63.3 a 33.6 18.8 48.2 34.1 ab 19.4 
V4 broadcast dry  - - - 47.1 34.0 ab  19.4 
R2 64.0 a 33.7 18.9 50.0 34.0 ab 19.5 
R3 63.9 a 33.6 18.8 48.2 33.9 ab 19.5 
R4 55.7 b 33.2 18.9 45.2 34.0 ab 19.3 
V4 + micronutrient 63.1 a 33.8 18.8 47.2 34.0 ab 19.5 
Pre-plant 10 (lbs ac-1) 61.3 ab 33.6 18.8 46.0 33.3 b 19.7 
V4 + R2 62.4 ab 33.4 18.9 47.6 33.7 ab 19.6 
V4 + R3 62.7 a 33.7 18.8 46.2 34.1 ab 19.3 
R2 + R3 60.0 ab 33.3 19.0 47.0 34.6 a 19.1 
p<F       
Application timing 0.006 0.63 0.79 0.79 0.02 0.44 
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Out of the two years experiment, application 
timing impacted grain yield in 2019 only 
and seed protein in 2020 only (Table 4). In 
2019, grain yield decreased by about 8 bu 
ac-1 with the R4 foliar application compared 
to the untreated control (Table 4). In 2020, 
only the pre-plant 10 lbs S ac-1 and the 
combination of R2 and R3 applications 
differed from each other, and grain protein 
concentration increased by nearly 1 % with 
the double application at the beginning of 
grain filling period (Table 4). Seed oil 
content were not different due to S 
application timing in both years. 
Further data analysis to determine nutrient 
uptake and removal will be continued for 
both studies.  
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Early-Season Split N Application 
Effect on Corn Yield and Fertilizer 
Efficiency in Eastern South Dakota 
Péter Kovács∗ and Jason D. Clark 
INTRODUCTION 
Corn (Zea mays L) yield has steadily 
increased over the last few decades. Yield 
increase has been attributed to improved 
hybrids and production practices. Most of 
South Dakota producers apply their nitrogen 
(N) and other nutrients prior to planting. 
However, this application timing increases 
the chance that the N will not be utilized by 
the corn. In addition, newer hybrids utilize 
more N later in the growing season 
(Ciampitti and Vyn, 2012). Therefore, 
considering splitting the applied N, so that 
majority of the N will be available after the 
V5-V6 growth stages. This could increase 
grain yield, and/or improve nutrient 
recovery and increase the efficiency of 
fertilizer lowering the environmental impact 
associated with production.  
The objective of the research is to compare 
the early season split N application to the 
pre-plant applied N application effect on 
grain yield. 
 
                                                          
∗ Corresponding author: Peter.Kovacs@sdstate.edu 
METHODS 
Each year corn followed soybeans (Glycine 
max (L.)) in no-till field in 2018 and 2020, 
and in conventional tilled field in 2019. Urea 
was broadcast applied for each treatments 
where fertilizer was applied. N rates ranged 
from 0 to 240 lbs N/ac with 40 lbs N/ac 
increments. The early split application 
treatments received a total of 80 to 240 lbs 
N/ac, where 40 lbs N/ac was applied at 
planting, and the remainder of the N was 
applied at either at V3 or V5 growth stages. 
Treatment arrangement followed a complete 
randomized blocked design with four 
replications. The center two rows were 
harvested with the Kincaid 8XP plot 
combine. The harvested yield was then 
adjusted to 15.5% moisture.  
RESULTS 
In 2020, splitting and delaying N application 
did not improve grain yield (Table 1). 
However, Figure 1 displays that delaying 
majority of N application by the V3 growth 
stage lower the N rate that needed to reach 
the maximum yield. Grain yield plateaued at 
approximately 168 lbs N/ac with the pre-
plant only application, while these N rates 
were approximately 128 lbs N/ac and 206 
lbs N/ac with V3 and V5 split N application 
respectively (Figure 1). Yield levels in 2020 
were lower than in the previous years, and 
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yield response was also likely hindered by 
the dry conditions in August and September. 
Across the 3 years, in various weather 
conditions the V3 or V5 split application 
increased grain yield only in 2019 (Table 1), 
when we receieved about 4.5” rain after 
planting and needed to replant the study. 
Overall, split N application resulted in a 
marginal 2-4 bu/ac yield benefit, however, 
this was not statistically different. 
Both the V3 and V5 split application 
lowered (122 and 173 lbs N/ac, respectively) 
the N rate that was needed to reach the 
plateau yield compared to the pre-plant only 
(183 lbs N/ac) N application strategy.  
In conclusion, even though grain yield did 
not improve with split N application 
strategy, one should be able to lower the N 
application rate. 
ACKNOWLEDGEMENTS 
Research was funded by SD Nutrient 
Research and Education Council. Authors 
thank the help of the graduate and 
undergraduate students of the Cropping 
Systems Research group and the support of 
South Dakota Ag Experiment Stations and 
USDA-NIFA. 
REFERENCES 
Ciampitti, IA. And T.J. Vyn. 2012. 
Physiological perspectives of changes over 
time in maize yield dependency on nitrogen 
uptake and associated nitrogen efficiencies: 
A review. Field Crops Res. 133:48-67. 
 
 
Figure 1. Grain yield response to nitrogen application timing and rate in 2020. Vertical line 
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Table 1. Analysis of Variance of N application timing effect on 
grain yield across n fertilizer application rates (80 to 240 lbs N ac-1) 
N timing 2018 2019 2020 3-yr average 
Pre-plant 213.2 202.3 b 189.1 205.1 
V3 212.2 222.0 a 192.1 207.1 
V5 213.7 24.8 a 187.6 209.8 
p<F     
N timing 0.92 <.0001 0.48 0.13 
 
 
Figure 2. Grain yield response to nitrogen application timing and rate between 2018-2020. Vertical 
line indicates the N rate that need to produce the plateau grain yield. 
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Exploring Late-Season Nitrogen 
Treatments in Corn in Eastern 
South Dakota 
Cody Gilliland, Jason D. Clark, 
and Péter Kovács∗ 
 
INTRODUCTION 
Corn (Zea mays L) yield has steadily 
increased over the last few decades. Yield 
increase has been attributed to improved 
hybrids and production practices. Newer 
hybrids utilize more N later in the growing 
season (Ciampitti and Vyn, 2012). Delaying 
some portion of the N application later in the 
vegetative growth and split applying it may 
increase the efficiency of fertilizer and 
provide better nutrient recovery lowering the 
environmental impact associated with 
production.  
The objective of the research is to determine 
if mid to late-season N application can be 
utilized in South Dakota to improve grain 
yield. In addition, to investigate the efficacy 
of the nitrogen fertilizer based on the split 
application timing and total N rate and the 
pre-plant N requirements. 
METHODS 
A pre-plant N application followed by either 
a V10 or V14 in-season N application were 
utilized to understand what ratio and timing 
                                                          
∗ Corresponding author: Peter.Kovacs@sdstate.edu 
of the fertilizer would optimize grain yield. 
Pre-plant applications were 60, 80 and 120 
lbs N/ac. Urea (46-0-0) was broadcast 
applied prior to planting. The in-season V10 
or V14 application ranged from 40 to 140 
lbs N/ac that the total N equaled either 120, 
160, or 200 lbs N/ac. The in-season N was 
applied with a Y-drop unit using 28-0-0 
fertilizer. Table 1 displays the individual 
preplant and in-season N rate combinations 
In-season N was applied at either V10 or 
V14 growth stage, resulting a total of 16 
treatments. The experiment was conducted 
with six rows in 30-inch row spacing and 
approximately 45 feet long. Treatment 
arrangement followed a complete 
randomized blocked design with four 
replications. The center two rows were 
harvested with the Kincaid 8XP plot 
combine. The harvested yield was then 
adjusted to 15.5% moisture.  
RESULTS 
Grain yields from 2019 ranged from 192.8 
bu/ac (60 lbs N/ac at pre-plant and 100 lbs 
N/ac at V14) to 222.7 bu/ac (80 lbs N/ac at 
pre-plant and 120 lbs N/ac at V10). Yields 
in 2020 ranged from 179.3 bu/ac (60 lbs 
N/ac at pre-plant and 60 lbs N/ac at V10) to 
204.2 bu/ac (80 lbs N/ac at pre-plant and 40 
lbs N/ac at V10). Figure 1 shows the grain 
yields of the different treatments in 2019. 
When we compare these treatments to a 
SERF AR 2023          
75 
 
treatment that received the same total N rate 
but everything was pre-plant applied, only 
one treatment (60 lbs N /ac at pre-plant and 
60 lbs N/ac at V10; 214.9 bu/ac) yielded 
better than the pre-plant treatment (191.3 
bu/ac data not shown). Treatments did not 
differ from each other. Similarly, treatments 
did not differ from each other in 2020 
(figure 2) or when the two years were 
combined (figure 3).   
Delayed planting and re-planting in 2019, 
and the August drought condition in 2020 
likely contributed to the limited yield 
response in these two years, and the overall 
lower yield levels. 
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Table 1: The pre-plant and in-season applied N rates. In-season N was applied at V10 or 






60 60 120 
60 100 160 
60 140 200 
80 40 120 
80 80  160 
80 120 200 
120 40 160 
120 80  200 
  




Figure 1: Late N application timing and N rate, and pre and in-season N application ratio effect on grain 
yield in 2019. Different colors of the bars indicate the total N applied. Late N application timing and pre 
plant N rate indicate on the horizontal axis.  
 
 
Figure 2: Late N application timing and N rate, and pre and in-season N application ratio effect on grain 
yield in 2020. Different colors of the bars indicate the total N applied. Late N application timing and pre 
plant N rate indicate on the horizontal axis. 




Figure 3: Late N application timing and N rate, and pre and in-season N application ratio effect on grain 
yield averaged across in 2019 and 2020. Different colors of the bars indicate the total N applied. Late N 
application timing and pre plant N rate indicate on the horizontal axis. 
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SDSU Oat Breeding 
Melanie Caffe-Treml∗ and Nick Hall 
 
Oat is a low input crop that fits well in a corn-
soybean rotation. It adds diversity to the rotation 
which is beneficial for soil health. It can also 
decrease input needs by breaking pest cycles. 
And some studies have suggested that it can 
increase grain yield on the following corn crop.  
Oat can be planted for forage as well as for grain 
production for the feed and food markets. In 
addition, oat is widely used as a cover crop. Oat 
varieties differ for many characteristics 
including grain and forage yield potential, test 
weight, lodging resistance, disease resistance, 
and forage and milling quality. Choosing the 
right variety adapted to your environment and 
your targeted end-use or market is important to 
maximizing economic return. 
The goal of SDSU oat breeding program is to 
develop improved oat varieties that will increase 
the profitability for oat growers. Our focus is to 
improve agronomic characteristics (i.e., grain 
and forage yield, lodging resistance, disease 
resistance), as well as characteristics that are 
essential to market the grain (i.e., test weight, 
milling quality). SDSU oat breeding program 
uses the Southeast Research Farm (SERF) as 
one of its multiple testing locations to ensure 
that new varieties developed by the breeding 
                                                          
∗ Corresponding author: melanie.caffe@sdstate.edu, 
605.688.5950 
program are adapted to the environmental 
conditions encountered in this area of the state.  
In 2020, approximately 1500 test plots were 
seeded in SERF on April 1st. We evaluated 
materials at various stages, from early 
generations to advanced breeding lines, as well 
as several regional nurseries (Uniform Early Oat 
Performance Nursery (UEOPN), the Uniform 
Mid-Season Oat Performance Nursery 
(UMOPN), and the Mid-Western Cooperative 
Nursery). The growing season was characterized 
by the occurrence of physiological stress in June 
due to high temperatures and strong winds. 
Because the season was drier than in the last few 
years, crown rust only developed later in the 
season. The environmental stress reduced yield 
and test weight. 
Data collected on each test plot included heading 
date, crown rust severity, plant height, lodging 
severity, grain yield, and test weight. Milling 
and nutritional quality evaluations were also 
collected on harvested samples. The data 
collected is used to select lines with improved 
agronomic performance and improved milling 
and nutritional quality.  
The South Dakota Crop Performance Testing 
(SD CPT) Oat Variety trials was also evaluated 
at SERF. A comparison among released varieties 
for grain production and milling quality 
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Two breeding lines (SD150012 and SD170463) 
have performed well in South Dakota. Those 
two breeding lines will be increased and 
considered for release.  
- Experimental lines SD170463 is a 
white hulled oat with high yield 
potential. It exhibited high yield 
potential in the 2019 Advanced Yield 
Trial and in the 2020 SD CPT Oat 
Variety trials ranking fourth and third, 
respectively. In 2020, it ranked second 
in the UMOPN (Table 1).  
Breeding line SD170463 has excellent 
test weight with a high proportion of 
plump seed. It is a mid- to late maturing 
line heading about half a day later than 
Hayden. It is tall; plant height for 
SD170463 is approximately 3 inches 
higher than Hayden. But it has good 
lodging resistance (better than Deon). It 
is moderately resistant to crown rust and 
BYDV and resistant to smut. It has high 
thousand kernel weight, low proportion 
of thin kernels and high groat percent. 
Protein content and beta-glucan content 
are average. Oil content is lower than 
average. In 2020, it ranked second for 
dry matter yield in the forage trials. 
- Experimental line SD150012 is a white 
hulled oat breeding line with high yield 
potential. It exhibited good yield 
stability over the last 4 years of grain 
yield evaluations, ranking 3rd in the 
AYT in 2017, 1st over three years of 
evaluation (2018-2020) in the SD CPT, 
and 1st over two years of evaluation 
(2018-2019) in the UEOPN. Over three 
years of evaluation in the SD CPT, test 
weight for SD150012 was lower than 
Rushmore and Antigo, not significantly 
different than Goliath, Hayden, Natty, 
and Shelby 427, and higher than Saddle, 
Warrior, Deon, and Camden. SD150012 
ranked second for average test weight 
over the two years of evaluation in the 
UEOPN. Experimental line SD150012 
reaches heading approximately 1 day 
after Natty and Shelby 427, and about 
2.5 days earlier than Hayden. Plant 
height for SD150012 is equivalent to 
Hayden. SD150012 exhibits good 
lodging resistance, not as good as 
Saddle and Warrior but better than 
Hayden, Deon, Goliath, and Natty. 
SD150012 is moderately resistant to 
crown rust and BYDV, and resistant to 
smut. Grains of SD150012 are 
characterized by high thousand kernel 
weight, higher than average percentage 
of plump kernels, and lower than 
average percentage of thin kernels. 
Groat percent and groat protein content 
for SD150012 are average. Groat beta-
glucan content for SD150012 is lower 
than average and equivalent to Shelby 
427, but higher than Rushmore, Natty, 
and Saddle. Groat oil content is higher 
than average, equivalent to Shelby 427 
but lower than Hayden and Antigo.  
An oat variety trial under organic management 
was also conducted at SERF. Results from the 
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Table 1. Agronomic performance of SD oat breeding lines evaluated in the Uniform Mid-Season 














(inches)  SERF Ave# SERF Ave# 
SD170777 115.2 146.9 34.6 34.2 2.5 33 167 32 
SD170463 100.0 146.0 36.9 37.4 2.7 23 166 34 
ND161488 97.4 141.3 35.4 34.9 2.2 13 164 33 
WIX10466-7 106.5 140.3 33.9 33.3 3.7 23 165 34 
SD170970 94.5 139.8 36.0 35.9 2.2 13 167 33 
SD160201 98.0 138.9 35.2 34.6 1.7 20 166 34 
ND131603 97.3 138.1 32.6 33.1 2.0 23 166 31 
SD170462 95.6 137.2 36.2 36.8 2.5 20 166 31 
ND141338 101.5 134.4 33.2 32.8 1.2 33 167 29 
ND160305 99.7 133.4 31.7 31.9 2.2 10 165 30 
MN17007X_020 104.7 133.2 29.9 30.9 1.5 8 167 34 
ND151085 96.4 133.1 33.0 33.1 2.0 10 167 32 
Leggett (ck) 89.1 133.0 32.5 33.3 2.0 13 167 32 
SD160240 83.0 132.1 36.8 35.9 3.7 18 164 31 
MN17166X_001 100.4 131.8 31.0 33.4 1.8 18 168 31 
ND141327 118.7 131.5 32.9 32.6 1.7 18 167 33 
IL13-6046 92.5 129.9 36.7 35.8 2.2 65 162 26 
IL14-8142 94.0 128.8 33.7 35.0 2.3 58 163 24 
MN17060X_002 98.8 128.1 35.0 34.8 2.7 13 164 30 
ND160259 104.7 128.0 34.3 33.5 1.5 13 168 34 
MN17068X_024 81.8 126.1 32.3 31.5 2.3 45 164 28 
WIX10492-1 83.2 125.8 35.6 35.3 4.2 53 167 35 
IL13-6066 95.6 122.9 36.1 36.0 2.0 63 162 25 
WIX10642-3 79.2 120.4 33.3 33.4 2.3 35 165 26 
WIX10710-5 89.5 120.1 34.1 34.0 2.3 20 166 29 
WIX10710-7 86.5 116.6 34.4 33.7 1.5 33 166 26 
OGLE (ck) 80.8 114.1 32.9 31.6 2.5 55 162 29 
Newburg (ck) 81.0 111.8 33.2 31.7 4.2 60 167 34 
GOPHER (ck) 83.8 110.5 32.5 31.8 3.3 45 166 34 
MN17019X_010 76.7 109.4 32.4 32.4 2.0 28 168 32 
MN17091X_004 72.5 108.0 35.7 34.4 3.5 53 166 32 
CLINTLAND64 73.4 101.7 33.8 31.7 4.0 50 165 34 
OT3111 68.8 97.4 29.1 27.3 3.7 55 166 35 
OT3110 80.0 96.6 28.7 26.4 5.2 53 167 35 
OT2121 63.9 95.4 28.9 28.6 1.7 53 168 30 
IL14-2453 65.6 91.1 35.4 32.7 4.5 89 164 25 
Mean 90.3 124.3 33.6 33.2 2.6 34 166 31 
CV 9.1 7.6 2.3 2.7 31.2 28.1 0.6 5.1 
LSD 16.6 10.7 1.8 1.0 0.9 19.2 2.1 3.2 
#: Average of 3 locations (SERF, South Shore, Volga)    
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Herbicide Residual Effects on 
Cover Crops after Corn Silage 
Gared Shaffer∗, Weeds Field Specialist; David 
Karki, Agronomy Field Specialist; and            
Anthony Bly, Soils Field Specialist 
In the last ten years, crop producers in South 
Dakota have shown increased interest in 
cover crops. In South Dakota, there is 
usually time in the season to plant a cool 
season cover crop after corn silage harvest. 
Planting a cover crop can improve soil 
health by providing protection to soil, 
increasing plant diversity and maintaining a 
living root for a longer period.  
As farmers consider whether to plant a cover 
crop after corn silage harvest, they often 
wonder what potential impact the residual 
activity of the herbicide(s) used in corn will 
have on the new cover crop. Herbicide 
carryover, a common problem in modern 
farming, is usually not uniform across a 
field. This can lead to uneven establishment 
of cover crop species. Heavy herbicide 
carryover areas include field entrances and 
edges, sprayer turnaround areas, eroded 
hills, and high and low pH soils depending 
on active ingredients. Some herbicides may 
show worse effects in areas with high or low 
moisture levels, extreme soil pH, and low 
organic matter. Another contributing factor 
could be higher herbicide rates which can 
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lengthen the carryover time after herbicide 
application. However, there could be other 
reasons for a decreased cover crop stand that 
producers need to be aware of, such as 
moisture deficit, high surface residue, weed 
pressure, and planting errors (seed depth, 
rate, and planting time).  
RESULTS 
Research has shown that soil pH over seven 
and lack of microbial breakdown are the 
leading causes for herbicides used in this 
study to cause carryover to rotational crops. 
Microbial breakdown of herbicides are 
increased in an environment favorable to 
microbial growth, which includes generally 
warm temperatures and sufficient soil 
moisture.   
For this study, 28 herbicides were applied 
before corn emergence (Pre) or after corn 
emergence (Post) according to label 
recommendations. After corn silage harvest, 
cover crops were drilled across all herbicide 
treatments at full seeding rates. Treatments 
were repeated four times. Data was collected 
eight weeks after cover crop planting from 
each treatment plot by counting cover crop 
stands in a five square foot area. Statistical 
analysis (Analysis of Variance, SAS 9.4) 
showed that the herbicides used in the study 
did not have significant impact on cover 
crop species stand. 
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Results in Table 2 and Table 3 show the 
highest percent loss of cover crops after pre-
applied or post-applied corn herbicides 
following corn silage. Depending upon field 
conditions, cover crop stand ranged from 
zero to highest percent loss (stated in Table 
2 & Table 3).  
 
 




















1 lb Atrazine 4L 25 25 17 0 29 42 
1/2 lb Atrazine 4L 17 34 17 11 12 20 
Acuron® 0 29 16 12 19 56 
Anthem® Maxx 26 25 0 20 24 10 
Armezon® 33 22 16 0 24 41 
Armezon® PRO 13 41 16 12 14 62 
Balance® flexx 0 23 17 50 11 15 
Callisto® 22 35 16 30 43 18 
Cinch® 0 28 16 10 27 9 
Corvus® 17 25 16 20 27 18 
Glory® 25 32 17 14 24 34 
Intrro™ 17 0 33 11 5 10 
Lumax® EZ 20 35 16 50 19 21 
Outlook® 25 35 33 20 7 47 
Parallel® 20 44 16 50 24 29 
Permit® 33 32 16 14 19 20 
Pruvin® 22 21 33 11 24 20 
Python® WDG 17 39 33 50 12 23 
Resicore® 13 21 16 20 27 47 
Sharpen® 22 22 33 50 47 41 
Surestart® II 0 32 17 23 24 49 
Valor® EZ 17 28 17 20 47 22 
Verdict® 33 28 16 11 29 25 
Warrant® 17 21 17 20 41 13 
Zidua® 13 29 0 20 15 17 
Low Moisture = 10 to 11 inches and High Moisture = 17 to 21.5 inches from herbicide 
application to cover crop planting 
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Highest Percent Loss of Cover Crops After Pre Applied Corn Silage Herbicides 
Table 2 














1 lb Atrazine 4L 0 29 33 18 22 17 
1/2 lb Atrazine 4L 17 8 25 22 15 18 
Acuron® 11 30 20 13 23 26 
Anthem® Maxx 22 30 10 23 0 24 
Armezon® 0 18 8 29 22 18 
Armezon® PRO 17 20 33 7 17 18 
Balance® flexx 0 22 20 27 0 32 
Callisto® 22 27 12 25 0 29 
Cinch® 17 20 13 23 22 21 
Corvus® 17 32 13 17 17 18 
Glory® 17 7 13 32 15 53 
Intrro™ 27 36 33 29 11 15 
Lumax® EZ 40 33 6 9 22 18 
Outlook® 28 30 40 38 18 9 
Parallel® 17 42 33 24 17 24 
Permit® 17 20 25 22 17 9 
Pruvin® 17 10 20 19 23 14 
Python® WDG 33 10 37 10 23 21 
Resicore® 0 36 30 29 22 31 
Sharpen® 17 10 26 22 12 27 
Surestart® II 17 30 21 32 17 24 
Valor® EZ 11 42 10 11 17 5 
Verdict® 17 14 25 15 13 18 
Warrant® 22 45 20 7 16 35 
Zidua® 17 25 0 36 0 45 
Low Moisture = 10 to 11 inches and High Moisture = 17 to 21.5 








Highest Percent Loss of Cover Crops After Pre Applied Corn 
















1 lb Atrazine 4L 37 35 15 20 
1/2 lb Atrazine 4L 40 19 31 27 
Acuron® 37 41 7 20 
Anthem® Maxx 63 22 14 29 
Armezon® 42 11 36 20 
Armezon® PRO 32 32 15 15 
Balance® flexx 42 27 14 24 
Callisto® 26 34 29 7 
Cinch® 25 10 14 7 
Corvus® 26 13 29 35 
Glory® 45 54 38 7 
Intrro™ 45 9 7 20 
Lumax® EZ 30 32 23 13 
Outlook® 40 44 29 24 
Parallel® 37 55 23 20 
Permit® 42 8 7 15 
Pruvin® 45 34 39 29 
Python® WDG 16 23 14 13 
Resicore® 37 41 36 20 
Sharpen® 50 23 27 24 
Surestart® II 47 22 9 47 
Valor® EZ 40 19 23 12 
Verdict® 45 15 29 19 
Warrant® 42 26 24 20 
Zidua® 26 26 18 24 
Low Moisture = 10 to 11 inches and High Moisture = 17 to 21.5 inches from 


































Accent® Q 17 19 0 17 12 23 17 20 
Beacon® 0 35 16 0 28 33 17 30 
Laudis® 0 41 0 22 29 30 28 18 
Spirit® 0 25 0 20 19 42 17 11  























Accent® Q 26 15 15 8 45 37 15 8 
Beacon® 20 21 6 0 21 27 15 27 
Laudis® 40 32 12 0 42 45 14 27 
Spirit® 33 33 17 11 35 32 15 24 
Low Moisture = 8.5 to 9.5 inches and High Moisture = 14 to 19 inches from herbicide application 
to cover crop planting 
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Herbicide Residual Effects on 
Cover Crops after Wheat 
Gared Shaffer∗, Weeds Field Specialist; 
David Karki, Agronomy Field Specialist; 
and Anthony Bly, Soils Field Specialist 
In the last ten years, crop producers in South 
Dakota have shown increased interest in 
cover crops. South Dakota is a major 
producer of wheat (spring and winter) in the 
nation. One benefit of small grains is that 
harvest occurs early enough to allow 
sufficient time to grow cover crops in the 
same season. As farmers determine whether 
to plant a cover crop after wheat harvest, 
they must consider the potential impact the 
residual activity of the herbicide(s) used on 
wheat could have on the cover crop.  
Herbicide carryover, a common problem in 
modern agriculture, is usually not uniform 
across a field. This can lead to uneven 
establishment of cover crop species. Heavy 
herbicide carryover areas include field 
entrances and edges, sprayer turnaround 
areas, eroded hills, and high and low pH 
soils depending on active ingredients. Some 
herbicides may show worse effects in areas 
with high or low moisture levels, extreme 
soil pH, and low organic matter. Another 
contributing factor could be higher herbicide 
rates which can lengthen the carryover time 
after herbicide application. However, there 
could be other reasons for a decreased cover 
crop stand that producers need to be aware 
of, such as moisture deficit, high surface 
                                                          
∗ Corresponding author: Gared.Shaffer@sdstate.edu 
residue, weed pressure, and planting errors 
(seed depth, rate, and planting time). 
RESULTS: 
Research has shown that soil pH over seven 
and lack of microbial breakdown are the 
leading causes for herbicides used in this 
study to cause carryover to rotational crops. 
Microbial breakdown of herbicides are 
increased in an environment favorable to 
microbial growth, which includes generally 
warm temperatures and sufficient soil 
moisture.   
For this study, 21 herbicides were applied 
over wheat according to label 
recommendations. After wheat harvest, 
cover crops were drilled across all herbicide 
treatments at full seeding rates. Treatments 
were repeated four times. Data was collected 
eight weeks after cover crop planting from 
each treatment plot by counting cover crop 
stands in a five square foot area. Statistical 
analysis (Analysis of Variance, SAS 9.4) 
showed that the herbicides used in the study 
did not have significant impact on cover 
crop species stand.  
Results in Table 1 show highest percent loss 
of planted cover crops following winter and 
spring wheat in South Dakota. Depending 
upon field conditions, cover crop stand 
ranged from zero to highest percent loss. In 
Table 1, Low Moisture = 4 to 6.5 inches and 
High Moisture = 12.5 to 14.5 inches from 
herbicide application to cover crop planting. 
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Ally® XP 0 29 0 31 29 23 
Amber® 17 25 0 32 10 23 
Axial® XL 8 15 0 0 0 0 
Discover® NG 9 15 0 0 0 0 
Express® 0 0 0 0 0 0 
Glean® XP 9 33 0 39 0 43 
Goldsky® 12 22 16 43 7 38 
Harmony® SG 0 0 0 63 21 10 
Huskie® 17 9 0 31 31 36 
Huskie® Complete 8 37 3 40 9 50 
Olympus® 8 13 0 31 14 50 
OutRider® 9 33 0 39 9 15 
Peak® 19 33 0 43 20 32 
PerfectMatch™ 56 15 0 47 18 50 
Prowl® H2O 0 33 3 44 9 17 
Rimfire® Max 17 50 3 27 23 29 
Sierra™ 15 0 0 17 19 21 
Tacoma® 1EC 0 0 0 0 0 0 
Talinor™ 0 50 0 64 8 17 
TeamMate™ 12 29 16 43 19 17 
Varro® 19 25 0 33 0 44 
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Highest Percent Loss of Cover Crops After In Crop Wheat Herbicide Application  
Table 1 (Continued) 














Ally® XP 17 27 0 44 0 62 
Amber® 17 27 25 50 0 25 
Axial® XL 0 0 0 0 0 0 
Discover® NG 0 0 0 0 0 0 
Express® 17 27 0 0 0 0 
Glean® XP 33 16 17 43 25 33 
Goldsky® 14 25 23 32 25 43 
Harmony® SG 20 45 17 50 0 25 
Huskie® 20 36 17 23 25 25 
Huskie® Complete 17 16 17 43 25 0 
Olympus® 17 20 33 50 0 0 
OutRider® 33 27 17 47 25 33 
Peak® 33 40 0 40 25 25 
PerfectMatch™ 17 36 17 50 25 50 
Prowl® H2O 17 33 0 50 25 12 
Rimfire® Max 33 27 25 29 25 33 
Sierra™ 20 0 17 15 25 0 
Tacoma® 1EC 0 0 0 0 0 0 
Talinor™ 17 33 17 38 25 25 
TeamMate™ 17 33 0 29 25 25 
Varro® 0 45 0 38 25 25 
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Highest Percent Loss of Cover Crops After In Crop Wheat 
Herbicide Application  
Table 1 (Continued) Pearl Millet Sunflower 
Active Ingrediant(s) High Moisture High Moisture 
Ally® XP 22 0 
Amber® 22 50 
Axial® XL 10 0 
Discover® NG 0 0 
Express® 66 0 
Glean® XP 0 0 
Goldsky® 44 0 
Harmony® SG 44 100 
Huskie® 44 50 
Huskie® Complete 22 50 
Olympus® 22 100 
OutRider® 66 100 
Peak® 32 100 
PerfectMatch™ 66 100 
Prowl® H2O 22 0 
Rimfire® Max 14 50 
Sierra™ 11 0 
Tacoma® 1EC 0 0 
Talinor™ 0 100 
TeamMate™ 0 50 
Varro® 32 50 
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Auxin-Type Herbicide and 
Rhizobia Application for Weed 
Control and Nodulation Potential in 
Auxin-Tolerant Soybean at the 
SDSU Southeast Research Farm, 
Beresford, SD 
Joy Amajioyi∗, Graig Reicks,                         
and Sharon Clay 
Auxin-tolerant soybean varieties have provided 
additional options for controlling broadleaf 
weeds. However, high auxin levels in roots have 
been reported to hinder nodulation. This study 
examined auxin efficacy to weeds and the 
impact of foliar applied auxin with and without 
Bradyrhizobium japonicum (USDA-110 strain) 
inoculant on root nodulation and nodule activity. 
MATERIALS AND METHODS Uninoculated 
seed from Enlist E3® (2, 4-D, glufosinate, and 
glyphosate tolerant; Stine ST20EB23) and 
Roundup Ready 2 Xtend® (dicamba and 
glyphosate tolerant; AG20X7) soybean varieties 
were no-tilled into corn residue at three timings 
[May-15 (Pd1), May-29 (Pd2) and June-12 
(Pd3)] at 160,000 seeds ac-1 in 30” wide rows. 
Individual plots were 4 rows wide and 30 ft long 
with treatments replicated four times. 
Both varieties had a relative maturity of 2.0. 
Layout of the experiment was a split plot in 
Randomized Complete Block Design (RCBD) 
arrangement with planting date as the main plot 
and herbicide treatment as the sub-plot. 
Preemergence herbicides were applied to all 
planting dates on May 11 to provide residual 
                                                          
∗ Corresponding author: Joy.Amajioyi@sdstate.edu 
weed control. Due to dicamba application date 
restrictions and limited travel opportunities, 
postemergence dicamba + glyphosate 
applications with (at a rate of 1 pint formulation 
per acre) or without bradyrhizobia was applied 
to all Xtend soybean plots on 6/24/20 when 
soybean was at V3 (Pd1), V2 (Pd2), and VC 
(Pd3) (Table 1). All 2,4-D treatments were 
applied to the Enlist soybean on 7/22/20 (Table 
1) when soybean was at the R1 (Pd1), V6 (Pd2), 
and V5 (P3) growth stages. 
At R5, root samples from all treatments were 
collected using a 4 inch diameter soil probe 
centered over the soybean row to a depth of 4” 
for nodule evaluation. Weed biomass in a 1 
square yard area between rows was collected 
just prior to soybean harvest, dried at 60 0C to 
constant weight, and biomass quantified.  Weed 
flora was mostly grasses (yellow and green 
foxtail, and field sandbur), and a few broadleaf 
species (common waterhemp, horseweed, and 
dandelion). The middle two rows of the plots 
were harvested on October 9, using a small plot 
combine. Yield was reported at 13% moisture. 
RESULTS The cost of the herbicide treatments 
(based on SD 2020 average cost) ranged from 
$29 to $43 for the preemergence herbicides and 
with an additional $26 to 36 for the 
postemergence spray mix combination.   
Dicamba herbicide tank mixed with rhizobia 
increased soybean nodulation (30%) and nodule 
activity (50%) compared to the dicamba 
herbicide without rhizobia (p=0.05). This may 
have been more related to the rhizobia being 
applied to the RR2 Xtend® soybeans on June 24 
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as opposed to July 22, which was the date 
rhizobia was applied to the Enlist E3® 
soybeans.  This increased nodulation, however, 
did not increase yields or protein.   
 
Table 1.  Preemergence and postemergence herbicide applications at SE Farm in 2020. 




PowerMAX®           
32 oz May 11 Preplant  
Prowl® 40 oz    
Valor® 2 oz    
Metribuzin 4.5 oz    
NIS 0.25 %    
UAN 2 %    
     
Postemergence herbicide and rates applied Date applied Planting date and soybean growth stage 
Xtend soybean treatment    
Xtendimax®                            22 oz June 24 May 15 (Pd1) V3  
Roundup PowerMAX®          32 oz  May 29 (Pd2) V2 
Select Max®                            16 oz  June 12 (Pd3) VC 
Class Act® Ridion®                0.75 %    
OnTargetTM                                           0.5 %    
Enlist soybean treatment    
Enlist OneTM                                           32 oz July 22 May 15 (Pd1) R1 to R2 
Select Max®                           16 oz  May 29 (Pd2) V6 
Liberty® 280 SL                      29 oz  June 12 (Pd3) V5 
ChemsurfTM 90                       0.25 %    
On-TargetTM                                          0.5 %    
AMS                                         2.5 lbs    
 
Table 2. Dry biomass accumulation by weed species (data collected September 21) 
Herbicide Weed biomass (lbs/ac) Weed species  
  Broadleaf Grass 
Pre 642.3 Waterhemp, marestail, 
pigweed, dandelion, 
and wild buckwheat 
Green foxtail, yellow 
foxtail, large crabgrass, 
fall panicum, 
barnyardgrass, foxtail 
barley, field sandbur, 
and volunteer corn. 
2,4-D 83 Marestail, dandelion Yellow foxtail, Green 
foxtail, foxtail barley, 
and fall panicum 
2,4-D + Glufosinate 15 Marestail Foxtail barley 
Dicamba 19.0 Waterhemp   Yellow foxtail and fall 
panicum 
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EVALUATION TESTS for 2020 
 
Southeast South Dakota Research Center 
Paul O. Johnson∗, Ext. Weed Science 
Coordinator; David Vos, SDSU Ag Research 
Manager, and Jill Alms, SDSU                                
Ag Research Manager 
                                           
INTRODUCTION 
Experiment stations have an important role in 
the WEED (Weed Evaluation and Extension 
Demonstration) Project. Plots provide weed 
control data for the area served by the Southeast 
South Dakota Research Center. The station is 
one of the major sites for corn, soybean and 
wheat weed control studies. Tests at the station 
focus on common waterhemp, velvetleaf, 








                                                          
∗ Corresponding author; paulo.johnson@sdstate.edu 
 
2020 TESTS 
Several studies were established to evaluate new 
weed control technologies. The demonstration 
plots centered around programs that would 
answer questions on the glyphosate resistance 
issue around the state, especially as it relates to 
waterhemp management in soybeans and corn. 
This year started out very normal with a good 
growing season until in August when the rains 
stopped, and yield were limited do to lack of 
moisture. Preemergent chemicals did have a 
good year overall as is shown in most of the 
tests.  
NOTE: 
Data reported in this publication are results 
from field tests that include product uses, 
experimental products or experimental rates, 
combinations or other unlabeled uses for 
herbicide products. Trade names of products 
used are listed; there frequently are other 
brand products available in the market. 
Users are responsible for applying herbicide 
according to label directions. Refer to the 
appropriate pest guide available from 
regional extension offices or 
https//extension.sdstate.edu for herbicide 
recommendations. 




Studies listed below are summarized in the following tables. Information for each study is included as 
part of the summary. 
1. Corn Herbicide Demonstration 
2. Impact Core Programs in Corn 
3. Acuron XR & Acuron Flexi XR Evaluation in Corn 
4. Shieldex in Corn 
5. Corn Weed Control Comparisons 
6. Impact with Adjuvants in Corn 
7. Roundup Ready Soybean Demonstration 
8. Dicamba Soybean Demonstration 
9. Liberty Link/Enlist Soybean Demonstration 
10. LLGT27 Soybean Demonstration 
11. Enlist Soybean Programs 
12. Xtend Herbicide Programs 
13. Weed Control in No-Till Xtend Soybeans 
14. Weed Control in No-Till Enlist Soybeans 
15. Panther MTZ in No-Till Glufosinate Tolerant Soybeans 
16. Alite 27 with Adjuvants 
17. Enlist with Adjuvants in Soybeans 
18. Roundup Powermax + Xtendimax with Adjuvants 
19. Flexstar with Adjuvants in Soybeans 
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CORN HERBICIDE DEMONSTRATION 
Southeast Research Farm 
Treatment Rate/A 



















       
Check --- 0 0 0 0 51 
       
Pre & Post       
Keystone LA NXT & 
 Realm Q + Durango DMA + AMS 
 2 qt & 
 4 oz + 1 qt + 2.5% 
45 99 98 99 164 
Surestart II + Atrazine & 
 Resicore + Durango DMA + AMS 
2 pt + 1 pt & 
 1.5 qt + 1 qt + 2.5% 
81 99 99 99 171 
Bicep II Mag & 
 Halex GT + Aatrex + NIS + AMS 
1.5 qt & 
 3.6 pt + 1 pt + 0.25% + 1.7 lb 
31 99 99 99 167 
Acuron & 
 Callisto Xtra + RU Powermax + AMS 
1.75 qt & 
 24 oz + 32 oz + 1.7 lb 
97 98 99 99 176 
Acuron & 
 Acuron + RU Powermax + AMS 
1.25 qt & 
 1.25 qt + 32 oz + 1.7 lb 
97 99 99 99 176 
Verdict + Atrazine & 
 Armezon Pro + Atrazine + AMS + COC 
10 oz + 16 oz & 
 16 oz + 16 oz + 1.5 lb + 1% 
95 98 99 99 168 
Verdict + Atrazine & 
 Status + RU Powermax + Atrazine + AMS + NIS 
10 oz + 16 oz & 
 5 oz + 32 oz + 16 oz + 1.5 lb + 0.25% 
97 99 99 99 176 
Corvus + Aatrex & 
 Harness Max + Aatrex + RU Powermax 
3.5 oz + 1 pt & 
 40 oz + 1 pt + 32 oz 
98 99 99 99 174 
Balance Flexx + Harness Xtra 5.6L & 
 Capreno + Aatrex + RU Powermax 
3.5 oz + 1.2 qt & 
 3 oz + 1 pt + 32 oz 
98 99 99 99 167 
Balance Flexx + Harness Xtra 5.6L & 
 DiFlexx + RU Powermax + AMS + NIS 
3 oz + 1.2 qt & 
 8 oz + 32 oz + 2.5% + 0.25% 
99 99 99 99 173 
Resicore + Atrazine & 
 Durango DMA + Incinerate + AMS 
2 qt + 1 pt & 
 1 qt + 3 oz + 2.5% 
97 99 99 99 171 
Harness & 
 RU Powermax + Atrazine + AMS 
1.75 pt & 
 32 oz + 1 pt + 2.5 lb 
30 99 92 98 160 
Harness & 
 Harness Max + RU Powermax + AMS 
1 qt & 
 40 oz + 32 oz + 2.5% 
33 99 96 98 156 
Harness & 
 Sinate + Atrazine + Destiny HC + AMS 
1.75 pt & 
 21 oz + 8 oz + 0.5% + 4.38% 
31 99 96 98 160 
Dual II Mag & 
 Shieldex + RU Powermax + MSO + AMS 
1.2 pt & 
 1.35 oz + 32 oz + 0.5% + 2.5% 
30 96 95 98 156 
       
Epost       
Anthem Maxx + Callisto + Atrazine + RU Powermax 3 oz + 3 oz + 1 pt + 1 qt 99 99 99 99 167 
Armezon Pro + Atrazine + RU Pmax + AMS + COC 20 oz + 16 oz + 32 oz + 1.5 lb + 1% 99 99 99 99 170 
       










CORN HERBICIDE DEMONSTRATION 
Southeast Research Farm 
 
RCB: 4 reps Precipitation: (inches) 
Variety: DKC 51-38 RIB  Pre: 1st week 0.56 2nd week 0.03 
Planting Date: 5/1/20    
Pre: 5/2/20 
Epost: 6/3/20 Corn V2-3, 6-8 in; Vele 1-3 in; Cowh 0.5-2 in. 
Post: 6/12/20 Corn V3, 10-12 in; Vele 1-8 in. 
   
Soil: Silty Clay; 4.6% OM; 6.8 pH Vele=Velvetleaf 
 Cowh=Common waterhemp 
  
  
Comments: Objective of the study was to look at program treatments for corn weed control. Heavy 
velvetleaf and waterhemp pressure. Yield reductions were noted on treatments with poor early velvetleaf 
control. Late season dry conditions limited yield. 
  





IMPACT CORE PROGRAMS IN CORN 
Southeast Research Farm 
Treatment Rate/A 











































               
Check --- 0 0 0 0 0 0 0 0 0 0 0 0 22 
               
Epost               
Impact Core + RU Powermax  
 + NIS + AMS 
20 oz + 32 oz 
 + 0.25% + 2 lb 
99 99 98 99 99 98 97 97 97 96 96 96 152 
Impact Core + RU Powermax  
 + NIS + AMS 
30 oz + 32 oz 
 + 0.25% + 2 lb 
99 99 99 99 99 99 98 97 97 98 97 98 156 
Impact Core + RU Powermax  
 + Atrazine + NIS + AMS 
20 oz + 32 oz 
 + 16 oz + 0.25% + 2 lb 
99 99 99 99 99 99 97 97 97 95 96 99 154 
Impact Core + RU Powermax  
 + Atrazine + NIS + AMS 
30 oz + 32 oz 
 + 16 oz + 0.25% + 2 lb 
99 99 99 99 99 99 98 97 98 97 97 99 155 
Impact Core + MSO + AMS 30 oz + 0.25% + 2 lb 53 80 94 75 99 99 64 97 98 71 95 96 120 
Impact Core + Atrazine 
 + MSO + AMS 
30 oz + 16 oz 
 + 0.25% + 2 lb 
69 95 99 75 99 99 63 95 98 69 97 97 122 
Armezon Pro + RU Powermax 
 + NIS + AMS 
14 oz + 32 oz 
 + 0.25% + 2 lb 
99 99 99 99 99 99 97 98 95 95 97 96 144 
Resicore + RU Powermax 
 + NIS + AMS 
40 oz + 32 oz 
 + 0.25% + 2 lb 
99 99 99 99 99 98 97 98 96 95 97 97 148 
Halex GT + Atrazine 
 + NIS + AMS 
3.6 pt + 16 oz 
 + 0.25% + 2 lb 
99 99 99 99 99 99 98 98 98 95 97 98 148 
               
LSD (0.05)  3 2 2 1 1 1 6 2 2 3 1 2 13 
RCB: 4 reps   
Variety: DKC 51-38 RIB   
Planting Date: 5/1/20    
Epost: 6/3/20 Corn V2-3, 6-8 in; Grft 1-6 in; Vele 1-3 in; Cowh 0.5-2 in.   
   
Soil: Clay Loam; 4.4% OM; 6.8 pH Vele=Velvetleaf 
 Grft=Green foxtail 
 Cowh=Common waterhemp 
 
Comments: Objective of the study was to look at Impact Core treatments for corn weed control. Heavy 
green foxtail, velvetleaf and waterhemp pressure. Poor grass control also reduced corn yield. Several 
treatments provided good weed control and yield given the very dry late season. 
  





ACURON XR & ACURON FLEXI XR EVALUATION IN CORN 
Southeast Research Farm 
Treatment Rate/A 










































              
Check --- 0 0 0 0 0 0 0 0 0 0 0 53 
              
Pre              
Acuron XR 3 qt 0 92 97 99 0 94 98 99 90 99 99 140 
Acuron Flexi XR 2.5 qt 0 94 98 99 0 94 99 99 92 99 99 138 
Resicore 2.5 qt 0 96 95 99 0 92 97 99 91 99 99 146 
Harness Max 75 oz 0 95 97 99 0 92 97 99 92 99 99 143 
Surestart II 2.5 pt 0 88 74 99 0 89 73 98 83 74 99 116 
Corvus 5.6 oz 0 88 95 99 0 92 98 98 92 98 99 141 
Verdict 15 oz 0 93 94 99 0 92 97 99 88 96 99 133 
              
Pre & Post              
Acuron XR & 
 Acuron XR + RU Pmax + AMS 
1.5 qt & 
 1.5 qt + 22 oz + 2.5% 
0 97 99 99 0 99 99 99 98 99 99 149 
Acuron Flexi XR & 
 Acuron Flexi XR + RU Pmax + AMS 
1.25 qt & 
 1.25 qt + 22 oz + 2.5% 
0 98 99 99 0 99 99 99 98 99 99 149 
Resicore & 
 Resicore + RU Powermax + AMS 
1.25 qt & 
 1.25 qt + 22 oz + 2.5% 
0 98 99 99 0 99 99 99 98 99 99 138 
Harness Max & 
 Harness Max + RU Pmax + AMS 
35 oz & 
 40 oz + 22 oz + 2.5% 
0 98 98 99 0 99 99 99 98 99 99 141 
Verdict & 
 Status + RU Powermax + AMS 
15 oz & 
 3 oz + 22 oz + 2.5% 
0 98 98 99 0 99 99 99 98 99 94 129 
Corvus & 
 Capreno + RU Powermax + 
 Superb HC + AMS 
3.3 oz & 
 3 oz + 22 oz + 
 0.5% + 2.5% 
0 97 99 98 0 99 99 99 98 99 99 132 
              
LSD (0.05)  -- 3 7 1 -- 5 8 1 5 7 4 20 
RCB: 4 reps Precipitation: (inches)  
Variety: DKC 51-38 RIB  Pre: 1st week 0.56 2nd week 0.03 
Planting Date: 5/1/20    
Pre: 5/2/20 
Post: 6/12/20 Corn V3, 10-12 in.   
   
Soil: Clay Loam; 4.4% OM; 6.8 pH Vele=Velvetleaf 
 Cowh=Common waterhemp 
 Grft=Green foxtail 
 VCRR=Visual Crop Response Rating 
  (0=no injury; 100=complete kill) 
 
Comments: Objective of the study was to look at Acuron treatments for corn weed control. Heavy 
velvetleaf and waterhemp pressure moderate green foxtail pressure. Poor velvetleaf control resulted in a 
reduction in yield on one treatment. Very dry late summer resulted in reduced yields overall. 
  





SHIELDEX IN CORN 
Southeast Research Farm 
Treatment Rate/A 




















































                  
Pre                  
Bicep II Magnum 1.67 qt 71 10 97 74 20 91 71 30 97 90 20 98 90 20 97 95 
                  
Pre & Post                  
Bicep II Mag & 
 Shieldex + Atrazine + COC 
1.67 qt & 
 1 oz + 1 pt + 1% 
82 83 97 84 96 99 86 96 97 88 98 99 90 97 99 150 
Bicep II Mag & 
 Impact + Atrazine + COC 
1.67 qt & 
 1 oz + 1 pt + 1% 
71 78 97 73 85 96 69 88 97 80 91 98 80 86 98 167 
Bicep II Mag & 
 Laudis + Atrazine + COC 
1.67 qt & 
 3 oz + 1 pt + 1% 
69 79 97 71 85 97 67 90 97 81 88 99 75 88 98 129 
                  
Check --- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 
                  
LSD (0.05)  6 5 -- 3 2 5 9 5 1 2 2 1 5 3 1 20 
RCB: 4 reps Precipitation: (inches)  
Variety: DKC 51-38 RIB  Pre: 1st week 0.56 2nd week 0.03 
Planting Date: 5/1/20    
Pre: 5/2/20 
Post: 6/12/20 Corn V3, 10-12 in; Vele 4-8 in.   
   
Soil: Clay Loam; 4.4% OM; 6.8 pH Vele=Velvetleaf 
 Cowh=Common waterhemp 
 Grft=Green foxtail 
 
Comments: Objective of the study was to look at Shieldex treatments for corn weed control. Heavy green 
foxtail, velvetleaf and waterhemp pressure. Some yield reductions were noted due to heavy weed 
pressure. Yield overall was reduced due to late season dry conditions. 
  





CORN WEED CONTROL COMPARISONS 
Southeast Research Farm 
Treatment Rate/A 





































             
Check --- 0 0 0 0 0 0 0 0 0 0 64 
             
Pre             
Corvus + Harness Xtra 5.6 5.6 oz + 2 qt 99 99 98 99 98 97 99 98 97 99 185 
Balance Flexx + Harness Xtra 5.6 5 oz + 2 qt 98 99 98 99 98 97 99 98 97 99 180 
Harness Max + Atrazine 75 oz + 1 qt 98 99 97 99 96 97 99 96 98 99 181 
Acuron 2.75 qt 99 99 98 99 97 97 99 96 98 99 185 
             
Epost             
Capreno + Degree Xtra + 
 RU Powermax + AMS 
3 oz + 3 qt + 
 32 oz + 2.5% 
-- -- 99 99 99 99 99 98 98 99 178 
Harness Max + Atrazine + 
 RU Powermax + AMS 
64 oz + 1 qt + 
 32 oz + 2.5% 
-- -- 99 99 99 99 99 99 99 99 178 
Degree Xtra + DiFlexx + 
 RU Powermax + Class Act Ridion 
3 qt + 8 oz + 
 32 oz + 1% 
-- -- 97 99 99 98 99 99 98 99 174 
Halex GT + Atrazine + NIS + AMS 1.8 qt + 1 qt + 0.25% + 2.5% -- -- 99 99 98 98 99 98 98 99 176 
             
Pre & Post             
Corvus + Atrazine & 
 Harness Max + RU Pmax + AMS 
4.5 oz + 1 qt & 
 40 oz + 32 oz + 2.5% 
99 99 98 99 99 99 99 99 99 99 179 
Balance Flexx + Harness Xtra 5.6 & 
 Capreno + RU Powermax + AMS 
3 oz + 1.6 qt & 
 3 oz + 32 oz + 2.5% 
98 99 98 99 99 99 99 98 99 99 177 
Acuron & 
 Halex GT + Atrazine + NIS + AMS 
1.5 qt & 
 1.8 qt + 1 qt + 0.25% + 2.5% 
99 99 98 99 99 99 99 99 99 99 175 
             
LSD (0.05)  1 -- 1 1 1 1 1 1 1 -- 9 
RCB: 4 reps Precipitation: (inches)  
Variety: DKC 51-38 RIB  Pre: 1st week 0.56 2nd week 0.03 
Planting Date: 5/1/20    
Pre: 5/2/20 
Epost: 6/3/20 Corn V2-3, 6-8 in; Vele 1-3 in; Cowh 0.5-2 in; Grft 1-6 in. 
Post: 6/12/20 Corn V3, 10-12 in.   
   
Soil: Silty Clay; 4.6% OM; 6.8 pH Vele=Velvetleaf 
 Cowh=Common waterhemp 
 Grft=Green foxtail 
 
Comments: Objective of the study was to look at program comparison treatments for corn weed control. 
Heavy velvetleaf and waterhemp pressure and moderate green foxtail pressure. Several treatments 
provided excellent weed control and good yield. Dry late season weather provided average yield overall. 
  





IMPACT WITH ADJUVANTS IN CORN 
Southeast Research Farm 
Treatment Rate/A 




























           
Post           
Impact + Prime Oil + AMS 0.5 oz + 1% + 1.7 lb 80 83 85 67 87 90 63 86 93 
Impact + MSO + AMS 0.5 oz + 1% + 1.7 lb 80 81 85 73 84 92 61 86 87 
Impact + MaxSO + AMS 0.5 oz + 1% + 1.7 lb 82 81 85 73 84 93 61 86 93 
Impact + Agrasyst 90 + AMS 0.5 oz + 0.38% + 1.7 lb 80 79 85 68 84 89 53 80 88 
           
Check --- 0 0 0 0 0 0 0 0 0 
           
LSD (0.05)  4 4 1 13 3 5 18 5 6 
RCB: 4 reps   
Variety: Enlist    
Planting Date: 5/1/20    
Post: 6/12/20 Corn V3, 10-12 in; Vele 4-8 in; Cowh 3-6 in; Grft 4-10 in.   
   
Soil: Silty Clay; 4.6% OM; 6.8 pH Vele=Velvetleaf 
 Cowh=Common waterhemp 
 Grft=Green foxtail 
 
Comments: Objective of the study was to look at adjuvant treatments for corn weed control. Heavy green 
foxtail, velvetleaf and waterhemp pressure. Reduced Impact rates were used to detect adjuvant 
differences. 
  





ROUNDUP READY SOYBEAN DEMONSTRATION 
Southeast Research Farm 
Treatment Rate/A 

























         
Check --- 0 0 0 0 0 0 16 
         
PPI & Post         
Treflan + Dimetric & 
 RU Powermax + Flexstar + AMS 
1.5 pt + 0.33 lb & 
 32 oz + 1 pt + 2 qt 
88 90 86 99 99 98 49 
Prowl H2O + Dimetric & 
 RU Powermax + Avalanche Ultra + AMS 
3 pt + 0.33 lb & 
 32 oz + 1.5 pt + 2 qt 
88 85 81 99 98 97 46 
         
Pre & Post         
Sonic & Flexstar + Select Max + COC 5 oz & 1 pt + 12 oz + 0.25% 73 97 96 88 99 98 46 
Authority MTZ & Avalanche Ultra + Section Three + NIS 14 oz & 1.5 pt + 5.33 oz + 0.25% 70 92 96 89 86 99 46 
Spartan Charge & Cobra + Select Max + NIS 8.5 oz & 12.8 oz + 12 oz + 0.25% 73 94 95 88 97 99 36 
Sonic & EverpreX + Durango DMA + AMS 4.5 oz & 1 pt + 1 qt + 2.5% 75 98 98 99 99 98 46 
Afforia + Dimetric & Abundit Edge + AMS 2.5 oz + 4 oz & 1 qt + 2.5% 46 97 97 99 99 99 44 
Broadaxe XC + Tricor DF & Flexstar GT + AMS + MSO 25 oz + 5 oz & 56 oz + 3.4 lb + 1% 75 95 96 99 99 99 45 
Authority MTZ & 
 Anthem Maxx + RU Powermax + COC + AMS 
14 oz & 
 3 oz + 32 oz + 1 pt + 1.7 lb 
73 91 95 99 99 97 45 
Zidua Pro & RU Powermax + AMS 6 oz & 32 oz + 2 qt 84 98 97 99 99 99 49 
Zidua + Verdict & 
 RU Powermax + Outlook + AMS 
2.5 oz + 5 oz & 
 32 oz + 10 oz + 2 qt 
60 97 97 99 99 99 43 
Fierce MTZ & Perpetuo + RU Powermax + AMS 1 pt & 6 oz + 32 oz + 2 qt 55 96 97 99 99 99 47 
Fierce MTZ & RU Powermax + AMS 1 pt & 32 oz + 2 qt 69 94 97 99 99 99 53 
Dimetric Charged & RU Powermax + AMS 15 oz & 32 oz + 2 qt 59 95 96 99 99 98 52 
Surveil + Dimetric & Durango DMA + AMS 3.25 oz + 4 oz & 1 qt + 2.5% 65 97 96 99 99 99 54 
         
LSD (0.05)  13 5 2 6 4 1 7 
 
RCB: 4 reps Precipitation: (inches) 
Variety: AG20X9  Pre: 1st week 0.46 2nd week 0.99 
Planting Date: 5/14/20    
PPI/Pre: 5/14/20 
Post: 6/24/20 Soy 3-4 tri, 9-11 in; Grft 4-8 in; Vele 2-8 in; Cowh 2-8 in. 
   
Soil: Clay; 4.3% OM; 7.2 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
   
Comments: Objective of the study was to look at program treatments for soybean weed control. Heavy 
velvetleaf and moderate green foxtail and waterhemp pressure. Early season weed control was key to top 
yields. Dry late season conditions limited yield. 
  





DICAMBA SOYBEAN DEMONSTRATION 
Southeast Research Farm 
Treatment Rate/A 

























         
Check --- 0 0 0 0 0 0 14 
         
Pre & Epost         
Authority Supreme & 
 Anthem Maxx + Xtendimax 
8 oz & 
 2 oz + 22 oz 
74 86 94 79 91 99 40 
Authority First & 
 Anthem Maxx + Xtendimax 
4 oz & 
 3 oz + 22 oz 
55 94 94 75 98 99 40 
Valor + Mauler & 
 Xtendimax + RU Powermax + Warrant + OnTarget 
2.5 oz + 8 oz & 
 22 oz + 32 oz + 48 oz + 0.5% 
45 94 94 99 99 99 50 
Broadaxe XC + Metribuzin 75DF & 
 Tavium + RU Powermax + Activator 90 
28 oz + 5 oz & 
 3.53 pt + 32 oz + 0.25% 
55 87 96 99 99 99 51 
Boundary & 
 Tavium + RU Powermax + Activator 90 
1.75 pt & 
 3.53 pt + 32 oz + 0.25% 
53 90 93 99 99 98 51 
Prefix & 
 Tavium + RU Powermax + Activator 90 
2 pt & 
 3.53 pt + 32 oz + 0.25% 
70 78 96 99 96 99 49 
Afforia & 
 Abundit Edge + Fexapan + Class Act Ridion 
2.5 oz & 
 32 oz + 22 oz + 1% 
26 75 91 99 99 99 52 
Sonic & 
 Abundit Edge + Fexapan + EverpreX + Intact 
6 oz & 
 32 oz + 22 oz + 1 pt + 0.5% 
70 96 96 99 99 99 48 
Verdict + Mauler & 
 Engenia + RU Powermax + 
 Class Act Ridion + Superb HC 
5 oz + 4 oz & 
 12.8 oz + 32 oz + 
 0.5% + 0.5% 
48 97 97 99 99 98 49 
Engenia + Zidua + Pursuit & 
 RU Powermax + AMS 
12.8 oz + 3.25 oz + 3 oz & 
 32 oz + 3 lb 
81 97 94 99 99 98 53 
         
LSD (0.05)  13 5 3 3 3 1 6 
 
RCB: 4 reps Precipitation: (inches) 
Variety: AG20X9  Pre: 1st week 0.46 2nd week 0.99 
Planting Date: 5/14/20    
Pre: 5/14/20 
Epost: 6/24/20 Soy 3-4 tri, 9-11 in; Grft 6-12 in; Vele 3-10 in; Cowh 3-8 in. 
   
Soil: Clay; 4.3% OM; 7.2 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
   
Comments: Objective of the study was to look at program treatments for soybean weed control. Heavy 
velvetleaf and moderate green foxtail and waterhemp pressure. Full season grass control was key to top 
yields. Dry late season conditions limited yield. 
  





LIBERTY LINK/ENLIST SOYBEAN DEMONSTRATION 
Southeast Research Farm 
Treatment Rate/A 

























         
Check --- 0 0 0 0 0 0 13 
         
Pre & Post         
Sonic & Liberty + AMS 4.5 oz & 29 oz + 2.5% 69 86 88 98 98 97 43 
Sonic & Enlist Duo + AMS 4.5 oz & 56 oz + 2.5% 63 93 90 99 99 99 42 
Sonic & Enlist Duo + AMS 4.5 oz & 75 oz + 2.5% 50 84 86 99 99 99 47 
Sonic & 
 EverpreX + Enlist One + Durango DMA + AMS 
4.5 oz & 
 1 pt + 1 qt + 1 qt + 2.5% 
59 89 89 99 99 99 44 
Sonic & 
 EverpreX + Enlist One + Liberty + AMS 
4.5 oz & 
 1 pt + 1 qt + 29 oz + 2.5% 
58 88 84 98 99 99 45 
Sonic & Enlist One + Glufosinate + AMS 4.5 oz & 32 oz + 29 oz + 2.5% 51 90 85 99 99 99 47 
Fierce & Scout + AMS 3.5 oz & 29 oz + 1.7 lb 71 88 89 98 98 99 49 
Boundary & Liberty + AMS 1.8 pt & 29 oz + 1.7 lb 83 79 91 98 98 98 48 
Authority MTZ & Cheetah + AMS 14 oz & 29 oz + 1.5 lb 39 74 79 97 95 98 44 
Valor & Warrant + Liberty + AMS 2 oz & 1.5 qt + 29 oz + 1.5 lb 28 75 80 98 99 99 44 
Zidua Pro & Liberty + Enlist One + AMS 6 oz & 32 oz + 32 oz + 3 lb 84 94 95 99 99 99 46 
Dimetric Charged & Interline + AMS 15 oz & 29 oz + 1.5 lb 74 88 89 97 99 99 46 
         
LSD (0.05)  9 5 5 1 1 1 5 
 
RCB: 4 reps Precipitation: (inches) 
Variety: E3 Soy   Pre: 1st week 0.46 2nd week 0.99 
Planting Date: 5/14/20    
Pre: 5/14/20 
Post: 6/24/20 Soy 5 tri, 10-12 in; Grft 4-10 in; Vele 4-10 in; Cowh 4-14 in. 
   
Soil: Clay; 4.5% OM; 6.7 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
   
Comments: Objective of the study was to look at program treatments for soybean weed control. Heavy 
velvetleaf and moderate green foxtail and waterhemp pressure. Full season weed control was key to top 
yields. Dry late season conditions limited yield. 
  





LLGT27 SOYBEAN DEMONSTRATION 
Southeast Research Farm 
Treatment Rate/A 

























         
Check --- 0 0 0 0 0 0 16 
         
Epost         
RU Powermax + AMS 32 oz + 1.7 lb 97 99 86 94 98 81 36 
Liberty + AMS 32 oz + 1.7 lb 95 99 96 81 88 77 31 
Liberty + RU Powermax + AMS 32 oz + 32 oz + 1.7 lb 97 99 97 93 91 85 40 
         
Pre & Post         
Alite 27 + Dimetric & RU Powermax + AMS 3 oz + 5.33 oz & 32 oz + 1.7 lb 97 99 98 99 99 99 45 
Alite 27 + Dimetric & Liberty + AMS 3 oz + 5.33 oz & 32 oz + 1.7 lb 96 99 99 98 99 99 45 
Alite 27 + Dimetric & 
 Liberty + Outlook + AMS 
3 oz + 5.33 oz & 
 32 oz + 12 oz + 1.7 lb 
97 99 99 98 99 99 46 
Alite 27 + Outlook & Liberty + AMS 3 oz + 10 oz & 32 oz + 1.7 lb 96 99 99 98 99 99 47 
Alite 27 + Zidua & 
 Liberty + RU Powermax + AMS 
3 oz + 3.25 oz & 
 32 oz + 32 oz + 3 lb 
95 99 99 98 99 99 44 
         
LSD (0.05)  1 1 4 4 4 9 7 
 
RCB: 4 reps Precipitation: (inches) 
Variety: G2080GL  Pre: 1st week 0.46 2nd week 0.99 
Planting Date: 5/14/20    
Pre: 5/14/20 
Epost: 6/12/20 Soy 2-3 tri, 7-9 in; Grft 3-6 in; Vele 1-7 in; Cowh 2-6 in. 
Post: 6/19/20 Soy 3 tri, 7-9 in; Grft 4-12 in; Vele 4-7 in; Cowh 1-6 in. 
   
Soil: Clay; 4.3% OM; 7.2 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
   
Comments: Objective of the study was to look at program treatments for soybean weed control. Heavy 
velvetleaf and moderate green foxtail and waterhemp pressure. Full season weed control was key to top 
yields. Dry late season conditions limited yield. 
  





ENLIST SOYBEAN PROGRAMS 
Southeast Research Farm 
Treatment Rate/A 

























         
Check --- 0 0 0 0 0 0 11 
         
Pre & Post         
Authority MTZ & Durango DMA + AMS 14 oz & 1 qt + 2.5% 60 90 91 99 99 99 35 
Authority MTZ & 
 Enlist One + Durango DMA + AMS 
14 oz & 
 32 oz + 1 qt + 2.5% 
59 85 88 99 99 99 37 
Authority MTZ & Enlist One + Liberty + AMS 14 oz & 32 oz + 29 oz + 2.5% 63 85 88 99 99 99 38 
Authority MTZ & 
 Enlist One + EverpreX + Durango DMA + AMS 
14 oz & 
 32 oz + 1.33 pt + 1 qt + 2.5% 
50 82 88 99 99 97 35 
Authority MTZ & 
 Enlist One + EverpreX + Liberty + AMS 
14 oz & 
 32 oz + 1.33 pt + 29 oz + 2.5% 
58 85 88 98 99 99 36 
         
Epost & Lpost         
Enlist One + EverpreX + Durango DMA + AMS & 
 Enlist One + Durango DMA + AMS 
24 oz + 1.33 pt + 1 qt + 2.5% & 
 24 oz + 1 qt + 2.5% 
97 98 98 99 98 99 34 
Enlist One + EverpreX + Liberty + AMS & 
 Enlist One + Liberty + AMS 
24 oz + 1.33 pt + 29 oz + 2.5% & 
 24 oz + 29 oz + 2.5% 
92 98 98 85 99 99 34 
Enlist One + EverpreX + Liberty + AMS & 
 Enlist One + Durango DMA + AMS 
24 oz + 1.33 pt + 29 oz + 2.5% & 
 24 oz + 1 qt + 2.5% 
92 98 96 85 99 98 37 
Enlist One + Durango DMA + AMS & 
 Enlist One + Durango DMA + AMS 
24 oz + 1 qt + 2.5% & 
 24 oz + 1 qt + 2.5% 
96 98 98 94 99 98 36 
Enlist One + Liberty + AMS & 
 Enlist One + Liberty + AMS 
24 oz + 29 oz + 2.5% & 
 24 oz + 29 oz + 2.5% 
94 98 97 83 99 99 34 
Enlist One + Liberty + AMS & 
 Enlist One + Durango DMA + AMS 
24 oz + 29 oz + 2.5% & 
 24 oz + 1 qt + 2.5% 
93 98 97 84 98 97 35 
         
LSD (0.05)  10 3 4 1 1 2 3 
 
RCB: 4 reps Precipitation: (inches) 
Variety: G1940E  Pre: 1st week 0.46 2nd week 0.99  
Planting Date: 5/14/20    
Pre: 5/14/20 
Epost: 6/12/20 Soy 1 tri, 5-7 in; Grft 1-6 in; Vele 2-4 in; Cowh 1-4 in. 
Post: 6/24/20 Soy 5 tri, 10-12 in; Grft 4-10 in; Vele 4-10 in; Cowh 4-14 in. 
Lpost: 7/6/20 Soy 6-18 in, early bloom; Grft 5-10 in; Vele 2-4 in; Cowh 3-10 in.  
   
Soil: Clay; 4.5% OM; 6.7 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
   
Comments: Objective of the study was to look at Enlist program treatments for soybean weed control 
with non-roundup resistant waterhemp. Heavy velvetleaf and moderate green foxtail and waterhemp 
pressure. Dry late season conditions limited yield. 





XTEND HERBICIDE PROGRAMS 
Southeast Research Farm 
Treatment Rate/A 


































            
Check --- 0 0 0 0 0 0 0 0 0 16 
            
Pre & Epost            
Warrant + Mauler & 
 Xtendimax + Warrant + RU Powermax + Intact  
48 oz + 8 oz & 
 22 oz + 48 oz + 32 oz + 0.5% 
48 55 80 99 99 98 98 99 99 49 
Fierce & 
 Xtendimax + Warrant + RU Powermax + Intact 
3 oz & 
 22 oz + 48 oz + 32 oz + 0.5% 
46 70 84 99 99 99 99 99 99 48 
Valor EZ & 
 Xtendimax + Warrant + RU Powermax + Intact 
2.5 oz & 
 22 oz + 48 oz + 32 oz + 0.5% 
38 68 84 99 99 97 99 99 99 49 
Xtendimax + Warrant + Mauler & 
 Warrant + Cobra + RU Powermax + Destiny HC 
22 oz + 48 oz + 8 oz & 
 48 oz + 10 oz + 32 oz + 0.5% 
80 93 95 99 99 99 99 98 99 44 
Xtendimax + Warrant + Mauler & 
 Anthem Maxx + RU Powermax + Destiny HC 
22 oz + 48 oz + 8 oz & 
 4 oz + 32 oz + 0.5% 
80 94 95 99 99 99 99 99 99 48 
Xtendimax + Warrant + Mauler & 
 Warrant Ultra + RU Powermax + Destiny HC 
22 oz + 48 oz + 8 oz & 
 50 oz + 32 oz + 0.5% 
81 93 95 99 99 99 99 99 99 49 
Xtendimax + Authority First + Intact & 
 Warrant + Cobra + RU Powermax + Destiny HC 
22 oz + 4 oz + 0.5% & 
 48 oz + 10 oz + 32 oz + 0.5% 
81 95 94 99 99 99 99 99 99 44 
Xtendimax + Authority First + Intact & 
 Anthem Maxx + RU Powermax + Destiny HC 
22 oz + 4 oz + 0.5% & 
 4 oz + 32 oz + 0.5% 
78 94 95 99 99 99 99 99 99 50 
Xtendimax + Authority First + Intact & 
 Warrnat Ultra + RU Powermax + Destiny HC 
22 oz + 4 oz + 0.5% & 
 50 oz + 32 oz + 0.5% 
83 88 90 99 99 99 99 99 99 51 
Authority First & 
 Anthem Maxx + RU Powermax + Destiny HC 
4 oz & 
 4 oz + 32 oz + 0.5% 
61 86 89 99 99 99 99 99 99 52 
            
LSD (0.05)  7 9 2 1 1 1 1 1 1 4 
 
RCB: 4 reps Precipitation: (inches) 
Variety: AG20X9  Pre: 1st week 0.46 2nd week 0.99  
Planting Date: 5/14/20    
Pre: 5/14/20  
Epost: 6/19/20 Soy 3 tri, 7-9 in; Grft 3-6 in; Vele 1-7 in; Cowh 2-6 in. 
   
Soil: Clay; 4.3% OM; 7.0 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
   
Comments: Objective of the study was to look at Xtend program treatments for soybean weed control. 
Heavy velvetleaf and moderate green foxtail and waterhemp pressure. The dry conditions appeared to 
have an effect on the Cobra treatments. Dry late season conditions limited yield. 
  





WEED CONTROL IN NO-TILL XTEND SOYBEANS 
Southeast Research Farm 
Treatment Rate/A 































Check --- 0 0 0 0 0 0 0 0 8 
           
Pre & Post           
RU Pmax + Xtendimax + NIS + OnTarget & 
 RU Pmax + Xtendimax + NIS + OnTarget 
32 oz + 22 oz + 0.25% + 0.5% & 
 32 oz + 22 oz + 0.25% + 0.5% 
85 99 99 99 93 87 99 92 43 
RU Pmax + Xtendimax + NIS + OnTarget & 
 RU Powermax + Xtendimax + 
 Perpetuo + NIS + OnTarget 
32 oz + 22 oz + 0.25% + 0.5% & 
 32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% 
86 99 99 99 94 96 99 94 51 
RU Powermax + Xtendimax + 
 Fierce EZ + NIS + OnTarget & 
 RU Pmax + Xtendimax + NIS + OnTarget 
32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% & 
 32 oz + 22 oz + 0.25% + 0.5% 
86 99 99 99 86 95 99 92 54 
RU Powermax + Xtendimax + 
 Fierce MTZ + NIS + OnTarget & 
 RU Pmax + Xtendimax + NIS + OnTarget 
32 oz + 22 oz + 
 1 pt + 0.25% + 0.5% & 
 32 oz + 22 oz + 0.25% + 0.5% 
82 99 99 98 85 96 99 89 48 
RU Powermax + Xtendimax + 
 Authority MTZ + NIS + OnTarget & 
 RU Powermax + Xtendimax + 
 Anthem Maxx + NIS + OnTarget 
32 oz + 22 oz + 
 11 oz + 0.25% + 0.5% & 
 32 oz + 22 oz + 
 2.5 oz + 0.25% + 0.5% 
83 99 99 98 83 96 99 93 49 
RU Powermax + Xtendimax + 
 Zidua Pro + NIS + OnTarget & 
 RU Powermax + Xtendimax + 
 Perpetuo + NIS + OnTarget 
32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% & 
 32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% 
85 99 99 99 86 97 99 91 48 
RU Powermax + Xtendimax + 
 Fierce EZ + NIS + OnTarget & 
 RU Powermax + Xtendimax + 
 Perpetuo + NIS + OnTarget 
32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% & 
 32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% 
83 99 99 99 86 97 99 93 48 
RU Powermax + Xtendimax + 
 Fierce MTZ + NIS + OnTarget & 
 RU Powermax + Xtendimax + 
 Perpetuo + NIS + OnTarget 
32 oz + 22 oz + 
 1 pt + 0.25% + 0.5% & 
 32 oz + 22 oz + 
 6 oz + 0.25% + 0.5% 
83 99 99 98 83 97 99 93 51 
           
LSD (0.05)  3 -- -- 1 2 1 -- 4 6 
RCB: 4 reps Precipitation: (inches) 
Variety: AG20X9  Pre: 1st week 0.48 2nd week 0.97 
Planting Date: 5/15/20    
Pre: 5/15/20 Dali 4-10 in bloom; Fipc 2-14 in.  
Post: 6/19/20 Soy 2 tri, 6-7 in; Dali 5-12 in.  
   
Soil: Silty Clay Loam; 3.3% OM; 6.5 pH Dali=Dandelion 
 Prle=Prickly lettuce 
 Fipc=Field pennycress 
 Grft=Green foxtail 
    
Comments: Objective of the study was to look at program treatments for soybean weed control. 
Moderate green foxtail, dandelion and prickly lettuce pressure. Full season grass control was key to top 
yields. Dry late season conditions limited yield.  





WEED CONTROL IN NO-TILL ENLIST SOYBEANS 
Southeast Research Farm 
Treatment Rate/A 




























          
Check --- 0 0 0 0 0 0 0 15 
          
Pre & Post          
Enlist One + RU Powermax + NIS & 
 Enlist One + RU Powermax + NIS + AMS 
1 pt + 1 qt + 0.25% & 
 1 pt + 1 qt + 0.25% + 1 lb 
90 57 98 91 43 63 91 40 
Enlist One + RU Powermax + NIS & 
 Enlist One + RU Powermax + 
 Perpetuo + NIS + AMS 
1 pt + 1 qt + 0.25% & 
 1 pt + 1 qt + 
 6 oz + 0.25% + 1.5 lb 
89 59 98 96 84 80 90 37 
Enlist One + RU Powermax + Fierce EZ + NIS & 
 Enlist One + RU Powermax + NIS + AMS 
1 pt + 1 qt + 6 oz + 0.25% & 
 1 pt + 1 qt + 0.25% + 1.5 lb 
89 89 99 97 78 82 90 42 
Enlist One + RU Powermax + Fierce MTZ + NIS & 
 Enlist One + RU Powermax + NIS + AMS 
1 pt + 1 qt + 1 pt + 0.25% & 
 1 pt + 1 qt + 0.25% 1.5 lb 
89 89 98 98 82 86 91 41 
Enlist One + RU Pmax + Authority MTZ + NIS & 
 Enlist One + RU Powermax + 
 Anthem Maxx + NIS + AMS 
1 pt + 1 qt + 11 oz + 0.25% & 
 1 pt + 1 qt + 
 2.5 oz + 0.25% + 1.5 lb 
85 88 98 97 91 89 95 38 
Enlist One + RU Powermax + Zidua Pro + NIS & 
 Enlist One + RU Powermax + 
 Perpetuo + NIS + AMS 
1 pt + 1 qt + 6 oz + 0.25% & 
 1 pt + 1 qt + 
 6 oz + 0.25% + 1.5 lb 
88 96 99 99 99 99 95 44 
Enlist One + RU Powermax + Fierce EZ + NIS & 
 Enlist One + RU Powermax + 
 Perpetuo + NIS + AMS 
1 pt + 1 qt + 6 oz + 0.25% & 
 1 pt + 1 qt + 
 6 oz + 0.25% + 1.5 lb 
89 93 99 99 93 94 94 41 
Enlist One + RU Powermax + Fierce MTZ + NIS & 
 Enlist One + RU Powermax + 
 Perpetuo + NIS + AMS 
1 pt + 1 qt + 1 pt + 0.25% & 
 1 pt + 1 qt + 
 6 oz + 0.25% + 1.5 lb 
89 91 99 99 93 93 96 40 
          
LSD (0.05)  3 14 1 2 3 7 1 8 
 
RCB: 4 reps Precipitation: (inches) 
Variety: S20-E3  Pre: 1st week 0.48 2nd week 0.97 
Planting Date: 5/15/20    
Pre: 5/15/20 Dali 3-9 in; Vele cotyledon 
Post: 6/19/20 Soy 2-3 tri, 7-8 in; Dali 5-12 in; Grft 1-7 in; Vele 2-5 in. 
   
Soil: Silty Clay; 3.7% OM; 6.6 pH Dali=Dandelion 
 Grft=Green foxtail 
 Vele=Velvetleaf 
    
Comments: Objective of the study was to look at no-till Enlist program treatments for soybean weed 
control. Moderate green foxtail, dandelion and velvet leaf pressure. Dry late season conditions limited 
yield. 
  





PANTHER MTZ IN NO-TILL GLUFOSINATE TOLERANT SOYBEANS 
Southeast Research Farm 
Treatment Rate/A 




























          
Check --- 0 0 0 0 0 0 0 13 
          
EPP & Pre & Post          
NUP 19070 + NIS & 
 Panther MTZ + Credit Xtreme + MSO & 
 Cheetah + AMS 
11 oz + 0.25% & 
 12 oz + 32 oz + 1% & 
 29 oz + 3 lb 
91 97 85 96 99 96 94 44 
NUP 19070 + NIS & 
 Panther Pro + Credit Xtreme + MSO & 
 Cheetah + AMS 
11 oz + 0.25% & 
 12 oz + 32 oz + 1% & 
 29 oz + 3 lb 
91 96 98 99 99 99 99 45 
NUP 19070 + NIS & 
 Authority MTZ + Credit Xtreme + MSO & 
 Cheetah + AMS 
11 oz + 0.25% & 
 14 oz + 32 oz + 1% & 
 29 oz + 3 lb 
90 95 90 99 99 98 98 41 
          
EPP & Post          
NUP 19070 + Panther MTZ + Credit Xtreme + MSO & 
 Cheetah + AMS 
11 oz + 15 oz + 32 oz + 1% & 
 29 oz + 3 lb 
90 98 84 98 99 97 97 45 
NUP 19070 + Panther Pro + Credit Xtreme + MSO & 
 Cheetah + AMS 
11 oz + 15 oz + 32 oz + 1% & 
 29 oz + 3 lb 
91 95 99 99 99 99 99 43 
          
LSD (0.05)  4 3 2 1 -- 1 2 6 
 
RCB: 4 reps Precipitation: (inches) 
Variety: S20-E3  Pre: 1st week 0.48 2nd week 0.97 
Planting Date: 5/15/20    
EPP: 5/2/20 Dali 4-6 in; Prle 4-6 in.  
Pre: 5/15/20 Dali 3-8 in. 
Post: 6/19/20 Soy 2-3 tri, 7-8 in; Grft 1-7 in; Vele 2-5 in. 
   
Soil: Silty Clay; 3.7% OM; 6.6 pH Dali=Dandelion 
 Prle=Prickly lettuce 
 Grft=Green foxtail 
 Vele=Velvetleaf 
   
Comments: Objective of the study was to look at Panther program treatments for soybean weed control. 
Moderate dandelion, velvetleaf and prickly lettuce pressure. Dry late season conditions limited yield. 
  





ALITE 27 WITH ADJUVANTS 
Southeast Research Farm 
Treatment Rate/A 




























           
Check --- 0 0 0 0 0 0 0 0 0 
           
Post (AIXR nozzles)           
Alite 27 1.5 oz 20 40 43 20 83 23 34 85 40 
Alite 27 + Cornerstone 5 Plus 1.5 oz + 12 oz 98 60 59 99 84 58 98 92 56 
Alite 27 + Cornerstone 5 Plus + 
 Class Act NG + InterLock 
1.5 oz + 12 oz + 
 2.5% + 4 oz 
98 77 79 99 96 79 98 96 71 
Alite 27 + Cornerstone 5 Plus + 
 Class Act NG + Superb HC + InterLock 
1.5 oz + 12 oz + 
 2.5% + 1 pt + 4 oz 
98 81 76 99 97 81 98 99 75 
Alite 27 + Cornerstone 5 Plus + 
 Class Act NG + Destiny HC + InterLock 
1.5 oz + 12 oz + 
 2.5% + 1 pt + 4 oz 
98 82 78 99 96 79 98 98 77 
Alite 27 + Cornerstone 5 Plus + 
 Class Act NG + StrikeLock 
1.5 oz + 12 oz + 
 2.5% + 8 oz 
98 81 76 99 98 81 98 98 71 
           
Post (TTI nozzles)           
Alite 27 + Cornerstone 5 Plus + OnTarget 1.5 oz + 12 oz + 0.5% 98 76 72 99 92 70 98 94 64 
Alite 27 + Cornerstone 5 Plus + OnTarget + 
 Class Act NG + InterLock 
1.5 oz + 12 oz + 0.5% + 
 2.5% + 4 oz 
98 79 73 99 98 75 98 99 61 
Alite 27 + Cornerstone 5 Plus + OnTarget + 
 Class Act NG + Superb HC + InterLock  
1.5 oz + 12 oz + 0.5% + 
 2.5% + 1 pt + 4 oz  
98 75 74 99 96 74 98 96 55 
Alite 27 + Cornerstone 5 Plus + OnTarget + 
 Class Act NG + Destiny HC + InterLock  
1.5 oz + 12 oz + 0.5% + 
 2.5% + 1 pt + 4 oz  
98 75 72 99 97 74 98 98 57 
Alite 27 + Cornerstone 5 Plus + OnTarget + 
 Class Act NG + StrikeLock  
1.5 oz + 12 oz + 0.5% + 
 2.5% + 8 oz  
98 82 75 99 96 68 98 98 57 
           
LSD (0.05)  1 6 6 -- 4 8 2 4 11 
 
RCB: 4 reps  
Post: 6/24/20 Grft 14-18 in; Vele 7-20 in; Cowh 8-22 in.  
   
Soil: Silty Clay Loam; 4.5% OM; 6.6 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
    
Comments: Objective of the study was to look at Alite 27 program treatments for soybean weed control. 
Heavy velvetleaf and moderate green foxtail and waterhemp pressure. 
  





ENLIST WITH ADJUVANTS IN SOYBEANS 
Southeast Research Farm 
Treatment Rate/A 






















        
Check --- 0 0 0 0 0 19 
        
Post        
Enlist One 12 oz 0 91 90 0 95 14 
Cornerstone 5 Plus 12 oz 94 96 71 94 56 25 
Liberty 14.5 oz 78 77 58 69 63 22 
Enlist One + Cornerstone 5 Plus 12 oz + 12 oz 95 98 93 93 90 28 
Enlist One + Liberty 12 oz + 14.5 oz 78 81 92 66 91 21 
Enlist One + Cornerstone 5 Plus + Class Act NG 12 oz + 12 oz + 2.5% 95 98 94 91 93 29 
Enlist One + Liberty + Class Act NG 12 oz + 14.5 oz + 2.5% 76 96 91 68 84 23 
Enlist One + Cornerstone 5 Plus + 
 Class Act NG + InterLock 
12 oz + 12 oz + 
 2.5% + 4 oz 
95 98 94 93 91 30 
Enlist One + Liberty + 
 Class Act NG + InterLock 
12 oz + 14.5 oz + 
 2.5% + 4 oz 
79 98 92 68 88 24 
Enlist One + Cornerstone 5 Plus + 
 Class Act NG + StrikeLock 
12 oz + 12 oz + 
 2.5% + 8 oz 
95 98 94 95 94 30 
Enlist One + Liberty + 
 Class Act NG + StrikeLock 
12 oz + 14.5 oz + 
 2.5% + 8 oz 
78 98 93 75 88 26 
        
LSD (0.05)  4 6 4 5 5 3 
 
RCB: 4 reps  
Variety: G1940E    
Planting Date: 5/14/20    
Post: 6/19/20 Soy 2-3 tri, 7-8 in; Grft 4-12 in; Vele 4-7 in; Cowh 1-6 in. 
   
Soil: Clay; 4.5% OM; 6.7 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
    
Comments: Objective of the study was to look at Enlist One program treatments for soybean weed 
control. Heavy velvetleaf and moderate green foxtail and waterhemp pressure. Full season grass control 
was key to better yields. Dry late season conditions limited yield. 
  





ROUNDUP POWERMAX + XTENDIMAX WITH ADJUVANTS 


















       
Check --- 0 0 0 0 0 
       
Post       
RU Powermax + Xtendimax + OnTarget 11 oz + 11 oz + 0.5% 90 91 84 89 81 
RU Powermax + Xtendimax + OnTarget + InterLock 11 oz + 11 oz + 0.5% + 2 oz 87 93 84 87 84 
RU Powermax + Xtendimax + 
 OnTarget + Class Act Ridion 
11 oz + 11 oz + 
 0.5% + 1% 
82 94 86 87 90 
RU Powermax + Xtendimax + 
 OnTarget + Class Act Ridion + InterLock 
11 oz + 11 oz + 
 0.5% + 1% + 2 oz 
91 93 85 89 85 
RU Powermax + Xtendimax + OnTarget 22 oz + 22 oz + 0.5% 92 94 87 93 92 
RU Powermax + Xtendimax + 
 OnTarget + Class Act Ridion 
22 oz + 22 oz + 
 0.5% + 1% 
90 94 87 92 93 
RU Powermax + Xtendimax + 
 OnTarget + Class Act Ridion + InterLock 
22 oz + 22 oz + 
 0.5% + 1% + 2 oz 
92 94 90 95 93 
       
LSD (0.05)  6 2 5 6 6 
 
RCB: 4 reps  
Variety: AG20X9    
Planting Date: 5/14/20    
Post: 6/19/20 Soy 3 tri, 7-9 in; Grft 5-9 in; Vele 2-8 in; Cowh 2-7 in. 
   
Soil: Clay; 4.3% OM; 7.0 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cowh=Common waterhemp 
    
Comments: Objective of the study was to look at Xtendimax adjuvant program treatments for soybean 
weed control. Heavy velvetleaf, green foxtail and waterhemp pressure. 
  





FLEXSTAR WITH ADJUVANTS IN SOYBEANS 


















       
Check --- 0 0 0 0 0 
       
Post       
Flexstar + Prime Oil + AMS 0.5 pt + 1% + 1.7 lb 0 92 73 74 89 
Flexstar + MSO + AMS 0.5 pt + 1% + 1.7 lb 0 92 74 76 90 
Flexstar + MaxSO + AMS 0.5 pt + 1% + 1.7 lb 0 91 73 76 90 
Flexstar + Agrasyst 90 + AMS 0.5 pt + 0.38% + 1.7 lb 0 89 58 67 90 
Flexstar + Select Max + Prime Oil + Ams 0.5 pt + 8 oz + 1% + 1.7 lb 96 92 80 81 90 
       
LSD (0.05)  1 3 11 5 2 
 
RCB: 4 reps  
Variety: AG20X9    
Planting Date: 5/14/20    
Post: 6/19/20 Soy 3 tri, 7-9 in; Grft 5-9 in; Vele 2-8 in; Cosf 3-8 in. 
   
Soil: Clay; 4.3% OM; 7.0 pH Grft=Green foxtail 
 Vele=Velvetleaf 
 Cosf=Common sunflower 
    
Comments: Objective of the study was to look at Flexstar adjuvant program treatments for soybean 
weed control. Heavy velvetleaf, green foxtail and waterhemp pressure. 
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Impact of Replacing Corn with 
Hybrid Rye on Finishing Pig 
Performance 
 
Dr. Jorge Y. Perez-Palencia1, Dr. Rebecca 
Brattain2, Dr. Crystal L. Levesque1,              




In most parts of the United States, swine 
diets are predominantly composed of corn, 
soybean meal, and DDGS due to price and 
availability.  However, pigs are omnivores 
and have the ability to utilize a wide variety 
of feedstuffs including barley, oats, wheat, 
sorghum/milo, and rye; all traditional crops 
previously grown in the upper Great Plains 
that have been successfully used in swine 
diets.  In recent years farmers have changed 
from a continual corn-soybean rotation to 
one including cover crops, and options 
include hybrid rye to improve soil health 
and break weed cycles while at the same 
time providing an alternate feedstuff for pigs 
and cattle.  Also, by having a crop that is 
harvested in late summer, farmers now have 
an opportunity for earlier manure 
application as well as decreasing the time 
needed for corn and soybean harvest.  Just 
recently, with cash corn price of 
$4.68/bushel in Beresford on January 6, 
                                                          
1 South Dakota State University, Brookings, SD 
2 KWS CEREALS USA, LLC, Champaign, IL                                 
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2021, it becomes much more attractive as an 
economical way to provide energy and 
amino acids to pigs.  Since hybrid rye is 
different from the rye traditionally raised in 
the Upper Great Plains (yield of 100 
bushels/acre), more research is needed to 
evaluate hybrid rye as an acceptable 
feedstuff for livestock.  The objective of this 
trial was to determine if hybrid rye can be an 
effective replacement for corn in finishing 
pig diets. 
 
MATERIALS AND METHODS 
 
One hundred mixed sex pigs with an 
average body weight of 91 lbs were assigned 
to one of four dietary treatments.  There 
were five pigs/pen and four replicates per 
treatment. Three phases were used: 91-140 
lbs BW, 140-210 lbs BW, & 210-265 lbs 
BW.  The four dietary treatments were the 
% of corn replaced by hybrid rye.  In the 
first phase, hybrid rye replaced 0, 17, 33, & 
50% of the corn in the ration.  For the 
second and third phases, hybrid rye replaced 
either 0, 33, 67, or 100% of the corn in the 
rations.  Pigs were weighed at each phase 
change, and feed disappearance calculated 










RESULTS AND DISCUSSION  
 
The results are shown in Table 1.  During 
the first phase (91-140 lbs), pigs fed the 
highest level of hybrid rye (50% 
replacement of corn) numerically had the 
highest gains and were the most efficient of 
the four treatments.  During the second 
phase (140-210 lbs), there were no statistical 
differences in pig performance between pigs 
fed the 0, 33, 67, or 100% rye-corn 
replacement rates for gain, feed intake, and 
feed efficiency.  However, for the final 
phase (210-265 lbs), while there was no 
difference in daily gain, pigs fed the 100% 
rye replacement diet tended (P<0.096) to 
consume more feed and were less efficient.  
This can be attributed to the higher fiber 
levels in that diet, which caused the pigs to 
eat more feed in order to meet their energy 
requirement.  For the overall growth period 
(90-265 lbs), there were no statistical 
differences in gain and feed intake between 
any of the four treatments. However, when 
hybrid rye replaced 100% of the corn in 
those diets, the pigs fed the 100% rye 
replacement diets were less efficient 




 Hybrid rye can replace up to 50% of the 
corn in a grower diet and 100% of the corn 
in finishing diets without affecting gain and 
feed intake.  While pigs fed the 100% 
replacement rate were less efficient for the 
overall growth period, that difference could 
potentially be made up for if rye is a lower 
cost ingredient than corn, and that certainly 
appears to be the case with current corn 
prices exceeding $4.50/bushel.  In pig farms 
that also raise their own grains, the inclusion 
of hybrid rye into their crop rotation has 
multiple benefits to their overall farming 
operation, including an option for late 
summer manure application, and provides a 
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Table 1. Effects of dietary hybrid rye inclusion as a replacement for corn on growth   
performance of finishing pigs. 
Item 
Dietary treatments  
P-value CON LOW MED HIGH 
Initial BW, lb 90.74 90.76 90.78 90.80 0.8975 
Phase I      
BW, lb 140.14 138.56 138.48 141.06 0.4592 
ADG, lb 2.15 2.08 2.07 2.19 0.4612 
ADFI, lb 4.79 4.75 4.84 4.80 0.9428 
F:G 2.23 2.29 2.33 2.20 0.1496 
      
Phase II      
BW, lb 208.72 209.14 208.30 206.76 0.9412 
ADG, lb 1.96 2.02 1.99 1.88 0.3665 
ADFI, lb 5.70 5.82 5.80 5.67 0.8284 
F:G 2.91 2.89 2.91 3.03 0.3791 
      
Phase III      
BW, lb 266.30 264.00 262.54 262.30 0.8473 
ADG, lb 1.91 1.82 1.85 1.78 0.6372 
ADFI, lb 7.15 6.82 7.16 7.45 0.0925 
F:G 3.74 3.77 3.92 4.19 0.0963 
      
Cumulative (Phase 1-III)      
ADG, lb 2.00 1.97 1.97 1.92 0.7812 
ADFI, lb 6.89 6.63 6.84 7.07 0.5717 
F:G 3.45ab 3.38b 3.48ab 3.68a 0.0135 
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Evaluation of Bacillus subtilis PB6 probiotic (CLOSTAT®500) on feedlot 
phase growth performance, efficiency of dietary net energy utilization, and 
fecal and subiliac lymph node Salmonella prevalence in spring placement 
yearling beef steers fed in southeastern South Dakota1, 2, 3 
 
Z. K. Smith€, *, P. R. Broadway¶, W. C. Rusche€, J. A. Walker€, and J. E. Hergenreder¥ 
€ Department of Animal Science, South Dakota State University, Brookings, SD 
¶ USDA-ARS Livestock Issues Research Unit, Lubbock, TX 
¥ Kemin Industries, Des Moines, IA 
 
1 Mention of trade names or commercial products in this article is solely for the purpose of providing specific information and 
does not imply recommendation or endorsement by the U.S. Department of Agriculture. The U.S. Department of Agriculture 
(USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex, marital status, familial status, parental status, religion, sexual orientation, genetic information, political 
beliefs, reprisal, or because all or part of an individual's income is derived from any public assistance program. (Not all 
prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program 
information (Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). 
To file a complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., 
Washington, D.C. 20250-9410, or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider 
and employer. 
2 The authors wish to acknowledge Mr. Scott Bird for the daily care and management of the cattle in this experiment. 
3 This research was sponsored in part by Kemin Industries, the National Institute of Food and Agriculture, and the South Dakota 
State University Experiment Station (HATCH-SD00H690-19). 





 The objective of this research was to 
determine the influence of Bacillus subtilis PB6 
administration in yearling steers placed on feed 
in March in southeastern South Dakota that were 
not subjected to marketing or environmental 
stressors during the finishing phase. 
 
MATERIALS AND METHODS 
 
Animal care and handling procedures 
used in this study were approved by the South 
Dakota State University Animal Care and Use 
Committee (Approval Number: 2003-019E). 
The study was conducted at the Southeast 
Research Farm (SERF) Feedlot located near 
Beresford, SD (43.0805° N, 96.7737 °W).  
Dietary Treatments 
This study used 12 replicate pens of 9 to 10 
steers/pen assigned to one of two dietary 
treatments. Dietary treatments included: 
No probiotic (CON).  
Fed 0.50 g·steer-1·d-1 of a Bacillus subtilis PB6 
probiotic (CLOSTAT®500, Kemin Industries, 
Des Moines, IA; CLO). 
Animal, initial processing, and study initiation  
A total of 238 crossbred beef steers (initial BW 
886 ± 68.8 lbs) were used in this study. Steers 
were sourced from a grow yard in northwest 
Iowa and transported 99 miles to the SERF on 
March 17, 2020. All steers were processed on 
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March 20, 2020. At the time of initial 
processing, individual body weight (BW) was 
collected, and a unique identification tag was 
applied to each steer. Steers were also 
vaccinated against respiratory pathogens: 
infectious bovine rhinotracheitis (IBR), bovine 
viral diarrhea (BVD) types 1 and 2, 
parainfluenza-3 virus (PI3), and bovine 
respiratory syncytial virus (BRSV) (Bovi-Shield 
Gold® 5, Zoetis, Parsippany, NJ) and clostridial 
species (ULTRABAC® 7/Somubac®, Zoetis), 
administered pour-on moxidectin (Cydectin®, 
Bayer Healthcare LLC, Pittsburgh, PA) and 
administered a steroidal implant (200 mg 
trenbolone acetate and 28 mg estradiol benzoate; 
SYNOVEX® PLUS, Zoetis). On study d 28, all 
steers were re-vaccinated for clostridial species 
(ULTRABAC® 7/Somubac®, Zoetis). The 
study was initiated on March 23, 2020 (6 d 
following arrival to the SERF). Steers were 
housed in open-lot, soil-surfaced pens, with 20.0 
ft of bunk space, a 19.7 ft concrete bunk apron, 
and 650 or 585 ft2 of pen space per steer (9 or 10 
steers/pen). 
Weather measurement and THI estimation 
Climatic variables (ambient temperature, relative 
humidity, and wind speed) were obtained every 
5 min from a weather station (Mesonet at 
SDState) located at the SERF throughout the 
experimental period. The Temperature-humidity 
index (THI) was calculated using the following 
formula: THI = 0.81 × ambient temperature, °C 
+ [relative humidity × (ambient temperature, °C 
- 14.40)] + 46.40 (Hahn, 1999). 
Diet and intake management 
Steers were fed once daily in the morning. 
Bunks were managed to be slick at 0700 h most 
mornings. Steers were stepped up to their final 
diet over a 14-d period with two step-up diets 
fed. Feed intake and diet formulations were 
summarized at weekly intervals. Steers were fed 
common diets only differing in regards to the 
addition of the Bacillus subtilis PB6 probiotic 
(Table 1). Individual ingredient samples (except 
for the dietary treatment pellet and liquid 
supplement) were collected weekly and dry 
matter (DM) calculated after drying in a forced-
air oven at 140°F until no further weight change 
to determine DM intake (DMI). Proximate 
analysis of each ingredient (except for pelleted 
treatment supplement and liquid supplement) 
was conducted weekly according to: DM 
[method no. 935.29; (AOAC, 2012)], N [method 
no. 968.06; (AOAC, 2016); Rapid Max N 
Exceed; Elementar; Mt. Laurel, NJ], and ash 
[method no. 942.05; (AOAC, 2012)]. Modified 
distillers grains samples were analyzed for ether 
extract content using an Ankom Fat Extractor 
(XT10; Ankom Technology, Macedon, NY) and 
tabular values for the remainder of the 
ingredients were used (NASEM, 2016). 
Percentages of ADF and NDF were assumed to 
be 3 and 9% for corn, respectively. Analysis of 
ADF and NDF composition for all other 
ingredients was conducted as described by 
Goering and VanSoest, 1970. 
Weekly DM and assayed nutrient composition 
values were used to tabulate actual DM 
ingredient inclusions and assayed nutrient 
composition of the diets fed along with tabular 
ingredient energy values presented in Table 1 
according to NASEM, 2016.  
Cattle management and growth performance 
parameters  
Steer BW was recorded at the time of study 
initiation and on d 28, 56, 84, 112, and 140 for 
the calculation of average daily gain (ADG) and 
feed conversion efficiency (G:F). Body weights 
were measured before the morning feeding and a 
4% pencil shrink was applied to initial BW and 
final BW (BW from d 140) for the calculation of 
cumulative steer growth performance. Carcass-
adjusted final BW was calculated from hot 
carcass weight (HCW)/0.625 for the calculation 
of carcass-adjusted growth performance.  
Carcass-adjusted growth performance was used 
to calculate performance-based dietary NE to 
determine efficiency of dietary net energy 
utilization. The performance-based dietary NE 
was calculated from daily energy gain (EG; 
Mcal/d): EG = ADG1.097 × 0.0557W0.75, where 
W is the mean equivalent shrunk BW [kg; 
(NRC, 1996)] from median feeding shrunk BW, 
and final BW at 28% estimated empty body 
fatness (AFBW) calculated as: [median feeding 
shrunk BW × (478/AFBW), kg; (NRC, 1996)]. 
Maintenance energy (EM) was calculated by the 
equation: EM = 0.077 × BW0.75.  Dry matter 
intake is related to energy requirements and 
dietary NEm (Mcal/kg) according to the 
following equation: DMI = EG/(0.877NEm − 
0.41), and can be resolved for estimation of 
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, where a = −0.41EM, b = 
0.877EM + 0.41DMI + EG, and c = −0.877DMI 
(Zinn and Shen, 1998). Dietary NEg was derived 
from NEm using the following equation: NEg= 
0.877NEm − 0.41 (Zinn, 1987). 
Management of pulls and removals 
All steers that were pulled from their home pen 
for health evaluation were then monitored in 
individual hospital pens prior to being returned 
to their home pens. When a steer was moved to a 
hospital pen, the appropriate amount of feed 
from the home pen was removed and transferred 
to the hospital pen. If the steer in the hospital 
returned to their home pen, this feed remained 
credited to the home pen. If the steer did not 
return to their home pen, all feed that was 
delivered to the hospital pen was deducted from 
the feed intake record for that particular pen 
back to the date the steer was hospitalized. Four 
steers died during the course of the experiment 
for reasons determined to be health anomalies 
not related to dietary treatment. Two steers from 
CON died of heart failure, and two steers from 
the CLO died due to pneumonia associated with 
Bovine Respiratory Disease Complex.  
Study termination and carcass data collection 
The study was terminated on August 10, 2020 
when steers were visually appraised to have 0.50 
in of rib fat (RF). Cattle were shipped the same 
day as study termination and harvested the 
following day at Tyson Fresh Meats in Dakota 
City, NE. Individual steer identity was tracked 
through the harvest facility by trained personnel 
from South Dakota State University. Hot carcass 
weight (HCW) and liver abscess scores were 
recorded during the harvest procedure. Liver 
scores were classified according to the Elanco 
Liver Scoring System: Normal (no abscesses), 
A- (1 or 2 small abscesses or abscess scars), A 
(2 to 4 well organized abscesses less than 2.54 
cm diameter), or A+ (1 or more large active 
abscesses greater than 2.54 cm diameter with 
inflammation of surrounding tissue). Video 
image data were obtained from the abattoir for 
ribeye area (REA), RF, kidney-pelvic-heart fat 
(KPH), and USDA marbling scores. Dressing 
percentage was calculated as: (HCW/final BW 
shrunk 4%) × 100. Estimated empty body fat 
(EBF) percentage and AFBW were calculated 
from observed carcass traits (Guiroy et al., 
2002). Yield grade was calculated according to 
the USDA regression equation (USDA, 1997). 
Estimated proportion of closely trimmed 
boneless retail cuts from carcass round, loin, rib, 
and chuck (Retail Yield; RY) was also 
calculated from carcass traits (Murphey et al., 
1960). 
Salmonella prevalence determination  
Fecal grab samples were aseptically collected 
via rectal palpation during the weighing 
procedure, from the same steers throughout the 
course of the study, at study initiation and on d 
28, 56, 112, and 140 (6, 34, 62, 118, and 146 d 
following arrival to the SERF) according to 
(Broadway et al., 2020). Briefly, samples were 
obtained from the 5 steers closest to the initial 
pen mean average from each of the 24 pens (12 
pens/treatment).  Samples were aseptically 
transferred to sealable bags and shipped 
overnight to USDA-ARS in Lubbock, TX in 
shipping coolers containing enough ice packs to 
keep the temperature of the samples between 0 
and 4°C. Upon arrival, samples were weighed, 
and an equal portion of feces from each steer 
were pooled by pen and homogenized. Twenty-
five grams of the pooled sample was added to 
225 mL phosphate buffered saline (PBS) and 
homogenized for 2 min in a stomacher. From the 
strainer bag, 1 mL of the homogenate was 
removed and placed into a 1.5 mL 
microcentrifuge tube and subjected to serial 
dilution in PBS. Then, 100 uL of selected 
dilutions were plated via stick-spreading on 
Brilliant Green Agar and incubated overnight at 
37°C. After incubation, phenotypical colonies 
were counted to determine Salmonella 
concentrations defined as CFU/g (colony 
forming units per gram) based on the dilution 
factor.  Phenotypic colonies from each plate 
were pulled and subjected to a Salmonella latex 
agglutination test for Salmonella confirmation. 
In conjunction to quantification, 1 mL of 
homogenate was placed in a 1:10 dilution of 
Tetrathionate Broth with iodine and Rappaport 
Vassiladus enrichment broth and placed in 37°C 
and 42°C incubators, respectively overnight. 
From the enriched cultures, a 10 uL loop was 
utilized to streak the enriched media onto 
brilliant Green and XLT4 agars. Similarly, latex 
agglutination was performed on phenotypic 
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colonies. Subiliac lymph nodes were collected 
from every other carcass during the harvest 
procedure. Samples were de-nuded and 
subjected to similar procedures as outlined 
above for determination of Salmonella.  
Statistical analysis 
Growth performance data were analyzed as a 
randomized complete block design using the 
MIXED procedure of SAS® 9.4 (SAS Inst. Inc., 
Cary, NC) with pen as the experimental unit. 
The model included fixed effects of block 
(location) and dietary treatment. No random 
effects were included in the model. Least 
squares means were generated using the 
LSMEANS statement of SAS. Treatment means 
were compared using the F-test statistic. An α of 
0.05 or less determined significance and 
tendencies were declared from 0.051 to 0.10. 
 
RESULTS AND DISCUSSION 
 
Weather measurements 
 Ambient weather conditions during the 
course of the study are presented in Table 2. 
Average THI during the course of the 140-d 
study was 61.6. The THI was above 75 for 21-d 
of the 140-d study. The average total 
precipitation at the SERF for the past 67 y from 
March to August is 17.9 in. The precipitation 
during the course of this experiment was below 
historical records. Two heat events occurred 
during period 4 of the present study (d 85 to 
112) in which the average THI was greater than 
75 for 10-d of the 28-d period.  
Animal growth performance  
 Animal growth performance responses 
for the 140-d study are located in Table 3. There 
was no difference detected for initial on test BW 
(P = 0.37; 886 vs. 884 ± 2.0 lbs) for CON and 
CLO steers, respectively. Final BW (live-basis) 
from the 140-d experiment tended to be 
decreased for CLO steers compared to CON 
steers (P = 0.09; 1424 vs. 1407 ± 7.5 lbs). 
Dietary treatment had no influence on live-basis 
ADG or feed efficiency. Dry matter intake was 
not different (P = 0.63) between treatments. 
Carcass-adjusted final BW, ADG, and G:F were 
not impacted by dietary treatment (P ≥ 0.29). 
This is similar to what has been reported by 
Smock et al. (2020a) who noted no 
improvements in cumulative growth 
performance responses in steers when Bacillus 
subtilis PB6 was fed to high-stressed feeder 
steers. Alternatively, Smock et al. (2020a) noted 
an improvement in ADG and DMI during the 
initial 56-d feedlot receiving phase when 
Bacillus subtilis PB6 was supplemented to high-
stressed feeder steers. Finally, observed dietary 
NE and the ratio of observed to expected dietary 
NE were not altered by dietary treatment (P ≥ 
0.46). It has been reported previously that 
Bacillus subtilis supplementation increased 
ADG of broiler chicks (Sen et al., 2012). Others 
have reported that Bacillus subtilis PB6 
supplementation increased DMI when weaned 
Holstein steers were experimentally infected 
with Salmonella (Broadway et al., 2020). 
Improvements in feed conversion efficiency 
have been reported by others in broiler chicks 
and feedlot steers when Bacillus subtilis was fed 
compared to non-supplemented controls (Sen et 
al., 2012; Zhang et al., 2013; Kemin, 2018). No 
appreciable differences for animal growth 
performance responses in the present study is 
likely due to the steers being under minimal 
amounts of environmental stress during the 
course of the study.  
Carcass characteristics 
 Carcass trait responses are located in 
Table 4. Previous data in regards to Bacillus 
subtilis supplementation to feedlot finishing 
cattle is limited. There were no differences (P ≥ 
0.15) among treatments for any carcass traits 
measured in the present experiment. Moreira et 
al. (2016) indicated that Nellore bulls 
supplemented with 10 g·bull-1·d-1 of calcium 
butyrate (ButiPEARL®, Kemin Industries) and 
10 g·bull-1·d-1 of Bacillus subtilis (CLOSTAT®, 
Kemin Industries) had greater intramuscular fat 
accumulation compared to cattle not 
supplemented with Bacillus subtilis, but 
indicated no differences in any other carcass 
parameters. In transit-stressed steers from the 
Southeastern U.S. transported and fed in 
Oklahoma, the supplementation of Bacillus 
subtilis PB6 (CLOSTAT®, Kemin Industries) 
had no influence on HCW, dressing percentage, 
RF, REA, USDA Marbling score, or calculated 
yield grade (Kemin, 2018). Smock et al. (2020a) 
detected no differences for HCW, dressing 
percentage, USDA marbling scores, RF, REA, 
or calculated yield grade when Bacillus subtilis 
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PB6 was fed to finishing steers. Additionally, 
there were no differences (P ≥ 0.16) among 
treatments for the distribution of USDA Yield or 
Quality grades in the present study. Finally, 
there were no treatment effects (P ≥ 0.54) for 
prevalence of abscessed livers in this 
experiment.  These findings are similar to 
Smock et al. (2020a), who indicated that the 
distribution of USDA Yield and Quality grade, 
or condemned livers were not influenced by the 
supplementation of Bacillus subtilis PB6 to 
finishing beef steers. 
Salmonella prevalence 
 There was no Salmonella recovered 
from any fecal samples collected on study d 1, 
28, or 56 (6, 34, or 62 d following arrival to the 
SERF). On study d 112 (118-d following arrival 
to the SERF) there was numerically greater (P = 
0.17; 8.3 vs. 25.0%) fecal prevalence of 
Salmonella in CON steers compared to CLO 
steers. Study d 112 was during a heat event that 
occurred in the Northern Plains and Midwest 
region. On d 140 of the present study there was 
no difference between treatments (P =0.34; 0.0 
vs. 8.3%) in fecal Salmonella prevalence for 
CON and CLO steers, respectively. Smock et al. 
(2020b) noted an appreciable decrease in fecal 
Salmonella prevalence in high-stressed feeder 
steers supplemented with Bacillus subtilis PB6 
on d 28 of the feedlot receiving period. 
However, no differences among treatments for 
fecal Salmonella incidence was noted on d 196 
of the feeding period (Smock et al., 2020b). The 
lack of detectable Salmonella in these steers 
could be due to the fact that the steers used in 
the present experiment were not transitioned 
through a cattle auction facility, and due to a 
relatively short transit distance from the grow 
yard to the feedlot research facility. Thus, the 
steers experienced minimal transit stress, no 
marketing stress, and minimal environmental 
stressors during the present study which could 
have reduced Salmonella exposure and/or 
shedding (Gragg et al., 2013). Additionally, 
steers from the Northern Plains region of the 
United States (e.g., South Dakota) have been 
shown to have no Salmonella positive lymph 
nodes in finished cattle upon harvest (Gragg et 
al., 2013), suggesting regional differences in 
Salmonella prevalence in fed cattle populations 
(Green et al., 2010; Gragg et al., 2013). Regional 
differences in fecal and subiliac lymph node 
Salmonella prevalence in beef cattle should be 
investigated further. Regional differences in 
Salmonella prevalence should be exploited by 
cattle feeders and this might provide 
opportunities to increase cattle feeding numbers 
in specific regions of the United States such as 
the Northern Great Plains. 
Conclusion 
These data indicate that Bacillus subtilis PB6 
had no influence on feedlot phase growth 
performance, efficiency of dietary NE 
utilization, or carcass traits. Also, fecal 
Salmonella prevalence was rarely (only on d 112 
and d 140) observed in yearling steers placed on 
feed in March in southeastern South Dakota, and 
no Salmonella was detected in any subiliac 
lymph nodes upon harvest. If Salmonella is 
determined to be an adulterant in raw beef 
products, then cattle feeders might be able to 
exploit regional differences in Salmonella 
prevalence and regional based assessment of 
identified feed additives that have proven 
efficacy to mitigate Salmonella prevalence in 
beef cattle should be conducted. 
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Table 1. Actual diet formulation fed and nutrient composition from weekly ingredient analyses.1 
 Days fed 
Item 1 to 7 8 to 14 15 to 21 22 to 56 57 to 74 75 to 116 117 to 140 
Dry-rolled corn, 
% 39.00 48.75 64.23 64.94 64.20 68.87 69.33 
Modified 
distillers grains 
plus solubles, % 
20.01 20.82 14.19 16.57 18.26 17.42 17.27 
Alfalfa-grass hay 
blend, % 29.49 17.54 5.03 - - - - 
Millet hay, % - - - 2.92 3.05 7.90 - 
Corn silage, % 4.74 5.69 10.27 9.30 8.56 - - 
Grass hay, % - - - - - - 7.58 
Liquid 




2.86 3.09 2.25 2.25 1.97 1.93 1.94 
        
Diet dry matter, 
% 68.46 66.28 65.48 64.62 65.62 76.51 76.46 




34.92 28.83 19.95 18.79 18.15 18.77 17.96 
Acid detergent 
fiber, % 19.79 15.62 10.24 9.88 9.22 9.53 9.46 
Ash, % 7.18 6.43 4.90 5.27 5.55 5.58 5.36 
Ether extract, % 3.31 3.51 3.60 4.47 4.79 4.42 4.28 
Net energy for 
maintenance, 
Mcal/cwt 
84.8 89.4 93.0 93.9 94.3 93.9 94.8 
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Net energy for 
gain, Mcal/cwt 54.0 58.5 63.0 63.5 64.0 63.5 64.0 
1 All values except diet dry matter on a dry matter basis. 
2 The liquid supplement contained (all values except for dry matter on a dry matter basis): 69.05% dry matter, 25.76% crude protein, 22.42% 
non-protein nitrogen, 40 Mcal/cwt of net energy for maintenance, 29 Mcal/cwt of net energy for gain, 59.60% ash, 17.00% calcium, 0.24% 
phosphorus, 1.26% potassium, 0.07% magnesium, 7.24% NaCl, 0.27% sulfur, 2.66 ppm cobalt, 466.63 ppm inorganic copper, 40.14 ppm 
iodine, 10.49 mg/kg EDDI, 57.14 ppm iron, 832.71 ppm manganese, 4.05 ppm selenium, 2,498.14 ppm inorganic zinc, 11,078.69 ppb 
chromium propionate, 478.28 ppm organic copper complex, 1,560.86 organic zinc complex, 31,038.38 IU/kg vitamin A, 170.79 IU/kg vitamin E, 
and 730 g/ton of monensin sodium. 
3 Pelleted treatment supplement consisted of exclusively soybean hulls for control (CON) steers and soybean hulls plus CLOSTAT® 500 (CLO; 
Kemin Industries, Des Moines, IA) at 2,080 g/Mg sufficient to provide 0.50 g·steer-1·d-1 for CLO steers. 
 
 
Table 2. Ambient temperature (Ta), mean relative humidity (RH), and Temperature-humidity index (THI) throughout the  
course of the experiment. 
Period1 Mean Ta, (°F) Mean RH, (%) Mean THI2 Days with THI >75 Wind speed, MPH Total precipitation, in 
Pre-trial (6 d) 32.9 83.9 35.4 0 9.8 0.8 
1  40.3 73.4 42.7 0 8.9 2.2 
2  53.2 64.5 54.1 0 7.8 1.3 
3  69.6 67.6 67.2 4 9.3 1.8 
4 74.5 77.4 72.5 10 6.7 3.5 
5  72.5 80.9 71.2 7 5.7 2.1 
Average3 62.1 72.7 61.6 21 7.7 11.7 
1 Each period represents 28 days. 
2 THI = 0.81 × ambient temperature, °C + [relative humidity × (ambient temperature, °C - 14.40)] + 46.40. 
3Average of the 140-d study, except for days with THI >75 and precipitation, which is total days with THI >75 and total precipitation during the 





SERF AR 2030 
126 
  
Table 3. Cumulative growth performance responses. 
 Treatment1   
Item CON CLO SEM P-value 
Pens, n 12 12 - - 
Steers, n 119 119 - - 
DOF 140 140 - - 
     
Initial body weight 
(BW)2, lbs 
886 884 2.0 0.37 
     
Live-basis     
Final BW2, lbs 1424 1407 7.5 0.09 
Average daily gain 
(ADG), lbs 
3.86 3.73 0.051 0.13 
Dry matter intake 
(DMI),lbs 
25.15 25.04 0.154 0.63 
ADG/DMI (G:F) 0.153 0.149 0.0018 0.14 
DMI/ADG (F:G) 6.54 6.71 - - 
     
Carcass-adjusted 
basis 
    
Final BW3,lbs 1448 1440 6.6 0.29 
ADG, lbs 4.01 3.97 0.044 0.39 
DMI, lbs 25.15 25.04 0.154 0.63 
G:F 0.160 0.158 0.0018 0.58 
F:G 6.25 6.33 - - 
     
Observed dietary 
NE, Mcal/cwt 
    
Maintenance  92.53 92.08 0.635 0.46 
Gain 62.59 62.14 0.544 0.46 
     
Observed/expected 
dietary NE4 
    
Maintenance  0.99 0.98 0.007 0.46 
Gain 1.00 0.99 0.009 0.46 
1 Fed no probiotic (CON) or fed g·steer-1·d-1 of Bacillus subtilis PB6 (CLOSTAT® 500, Kemin Industries, 
Des Moines, IA; CLO). 
2 A 4% pencil shrink was applied to account for gastrointestinal tract fill. 
3 Calculated as: HCW/0.625. 








Table 4. Carcass trait responses. 
 Treatment1   
Item CON CLO SEM P-value 
Pens, n 12 12 - - 
Steers, n 119 119 - - 
     
HCW, lbs 906 899 4.2 0.29 
Dressing percent2, % 63.56 64.01 0.245 0.23 
Rib fat, in 0.54 0.52 0.009 0.15 
Ribeye area, in2 13.50 13.45 0.120 0.80 
Marbling3 442 438 9.8 0.77 
KPH, % 1.71 1.71 0.013 0.97 
Calculated YG4 3.31 3.28 0.047 0.38 
Retail yield5, % 49.92 50.04 0.103 0.41 
Estimated EBF6, % 30.71 30.39 0.173 0.22 
Final BW at 28% 
EBF6, lbs 
1323 1325 8.4 0.88 
     
USDA Yield Grade 
(YG) distribution  
    
YG 1, % 0.0 0.0 - - 
YG 2, % 27.4 23.0 4.44 0.50 
YG 3, % 53.8 64.4 4.93 0.16 
YG 4, % 18.8 12.6 3.66 0.26 
YG 5, % 0.0 0.0 - - 
     
USDA Quality Grade 
distribution 
    
Select, % 41.9 36.0 5.09 0.43 
Low Choice, % 32.3 44.9 6.04 0.17 
Average Choice, % 17.0 15.5 3.34 0.75 
High Choice, % 7.1 3.6 3.33 0.47 
Prime, % 1.7 0.0 0.79 0.17 
     
Liver abscess scores7     
Normal, % 67.4 65.1 5.57 0.77 
A-, % 12.9 15.3 3.81 0.66 
A, % 9.4 6.9 3.11 0.57 
A+, % 10.3 12.7 2.77 0.54 
1 Fed no probiotic (CON) or fed g·steer-1·d-1 of Bacillus subtilis PB6 (CLOSTAT® 500, Kemin Industries, Des Moines, 
IA; CLO). 
2 Calculated as: HCW/(final BW pencil shrunk 4%).  3400 = small00 (USDA Low Choice). 
4 Calculated according to the USDA regression equation (USDA, 1997). 
5 As a percentage of HCW according to Murphey et al. (1960). 
6 Calculated according the equations described by Guiroy et al. (2002). 
7 According to the Elanco Liver Scoring System: Normal (no abscesses), A- (1 or 2 small abscesses or abscess 
scars), A (2 to 4 well organized abscesses less than 1.0 in diameter), or A+ (1 or more large active abscesses 
greater than 1.0 in diameter with inflammation of surrounding tissue). 
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INTRODUCTION 
There has been increased interest in planting 
cereal rye as a complement to a corn-soybean 
rotation. Adding a third crop has resulted in 
enhanced corn yields compared to a corn-
soybean rotation under South Dakota conditions 
(Sexton, 2020) and would also spread out labor 
and equipment requirements more broadly 
during the growing season. Hybrid cereal rye 
genetics introduced recently to the North 
American market offer increased yield potential 
and reduced ergot risk compared to traditional 
varieties. 
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Cereal rye offers harvest flexibility in that it 
could be grazed, cut for hay or silage, or 
harvested as grain. Most rye grain now enters 
the milling or distilling channels, but the ability 
to use rye in livestock diets would enhance the 
utility of the crop by providing additional market 
outlets. Adding rye to a rotation would extend 
the time available to spread livestock manure or 
expand the time window available for cover crop 
planting in the fall. 
Little research has been conducted on the feed 
value of rye grain with no published data on the 
value of hybrid rye in North American beef 
systems utilizing corn co-products. The 
objective of this study was to determine the 
effects of rye grain inclusion on finishing steer 
performance and carcass characteristics, and to 




All procedures were approved by SDSU 
Institutional Animal Care and Use Committee 
(IACUC, approval # 19-047E). 
Experimental design and treatments 
Four treatments were used in a completely 
randomized design to evaluate animal 
performance, carcass traits, and to estimate the 
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substituted for dry-rolled corn (DRC) as follows: 
a basal finishing diet formulated (DM basis) 
with 60% corn grain (DRC:Rye, 60:0) and three 
additional diets formulated with increasing 
proportions of Rye (40:20, 20:40, and 0:60). All 
rye grain used was from the same hybrid (KWS 
Bono, KWS Cereals, LLC; Champaign, IL) and 
from a single source. Each truckload of Rye was 
sampled on arrival at Southeast Research Farm 
(SERF) and composited for ergot alkaloid 
analysis. Total ergot alkaloid concentration from 
the composited sample was 392 ppb on a DM 
basis, less than the recommended maximum 
ergot alkaloid concentration of 2 ppm for cattle 
diets (Coufal-Majewski et al., 2016). 
Animals, initial processing, and study initiation 
 
A total of 240 predominately Angus steers 
(initial shrunk BW 891 ± 40.8 lbs.) were used in 
this completely randomized design. Steers were 
sourced from a single consignment at one South 
Dakota sale barn and delivered to the SERF 
facilities near Beresford, SD. Steers were 
processed on September 6, 2019, where BW was 
collected to be used for allotment purposes, a 
unique identification tag was applied to each 
steer, vaccines administered against respiratory 
pathogens: infectious bovine rhinotracheitis 
(IBR), bovine viral diarrhea (BVD) types 1 and 
2, parainfluenza-3 virus (PI3), and bovine 
respiratory syncytial virus (BRSV) (Bovi-Shield 
Gold 5, Zoetis, Parsippany, NJ) and clostridial 
species (Ultrabac 7/Somubac, Zoetis), and 
administered pour-on moxidectin (Cydectin, 
Bayer, Shawnee Mission, KS). The study was 
initiated on September 10, 2019 with a 19-d 
adaptation period and a 98-d finishing period, 
resulting in a total experiment length of 117 d. 
Steers were administered a steroidal implant 
(200 mg trenbolone acetate and 28 mg estradiol 
benzoate; Synovex Plus, Zoetis) on d 19. 
Diets and intake management 
Steers were fed once daily. Steers were stepped 
up to the final diet over a 19-d period. From d 8 
to d 14 Rye was introduced to the step up diets 
at 40% of the ultimate inclusion rate (0, 8, 16, 
and 24%, respectively) with the final proportions 
of Rye fed in experimental diets from d 15 to d 
19. The final diets fed (d 20 to 117) are 
presented in Table 1. Bunks were managed to be 
slick at 0800h most mornings. Feed intake and 
diet formulations were summarized weekly. 
Steers that were removed from the study or that 
died during the study were assumed to have 
consumed feed equal to the pen mean DMI up to 
the point of removal or death. Two steers (one 
from 60:0 and one from 40:20) died or were 
removed from the study for reasons unrelated to 
dietary treatment, thus all data are reported on a 
deads and removals excluded basis.  
Cattle management and data collection 
Steers were weighed at the time of study 
initiation, d 19, 47, 75, and the morning of study 
termination on d 117. Body weights were 
measured before the morning feeding with a 4% 
pencil shrink applied to initial and final BW. 
Wet weather combined with temperatures 
generally greater than 32⁰ F during the final 40 d 
of this experiment resulted in greater than 
normal amounts of mud at harvest. Therefore, 
carcass-adjusted performance using HCW 
adjusted to a common dressing percentage of 
62.5% was used to determine cumulative 
performance and efficiency measures with 
unshrunk BW used for interim performance 
measures. 
Steers were weighed off test on d 117 when they 
were visually appraised to have 0.5 in of fat at 
the 12th rib (RF). Cattle were shipped 48 h after 
final BW determination and harvested the next 
day at Tyson Fresh Meats in Dakota City, NE. 
Steers were commingled at the time of study 
termination and remained as such until 0700h 
the morning after shipping. Prevalence of 
abscessed livers and abscess severity were 
determined by a trained technician using the 
Elanco system as Normal (no abscesses), A- (1 
or 2 small abscesses or abscess scars), A (2 to 4 
well organized abscesses less than 1 in 
diameter), or A+ (1 or more large active 
abscesses greater than 1 in diameter with 
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inflammation of surrounding tissue). Video 
image data were obtained from the plant for 
ribeye area, RF, calculated USDA Yield Grade 
(YG), and USDA marbling scores. Dressing 
percentage was calculated as HCW/(final BW × 
0.96). Estimated empty body fat (EBF) 
percentage and final BW at 28% EBF (AFBW) 
were calculated from observed carcass traits 
(Guiroy et al., 2002), and proportion of closely 
trimmed boneless retail cuts from carcass round, 
loin, rib, and chuck (Retail Yield, RY; (Murphey 
et al., 1960). 
Performance-adjusted Net Energy (paNE) was 
calculated from daily energy gain (EG; Mcal/d): 
EG = (carcass-adjusted ADG from d 20 to 
117)1.097 × 0.0557W0.75, where W is the mean 
equivalent shrunk BW [shrunk BW × 
(478/AFBW), kg; (NRC, 1996)] for the period 
from d 20 to 117. Maintenance energy required 
(EM; Mcal/d) was calculated by the following 
equation: EM = 0.077BW0.75 (Lofgreen and 
Garrett, 1968) where BW is the mean shrunk 
BW (using the average of carcass-adjusted final 
BW and BW from d 20). Using the estimates 
required for maintenance and gain the paNEm 
and paNEg values (Owens and Hicks, 2019) of 
the diet were generated using the quadratic 
formula: 𝑥𝑥 =  −𝑏𝑏±√𝑏𝑏
2−4𝑎𝑎𝑎𝑎
2𝑎𝑎
, where x = NEm, 
Mcal/kg, a = -0.41EM, b = 0.877EM + 0.41DMI 
+ EG, c = -0.877DMI, and NEg was determined 
from: 0.877NEm – 0.41 (Zinn and Shen, 1998; 
Zinn et al., 2008).  
The comparative NEm values for rye were 
estimated using the replacement technique. 
Given that the NEm value of dry-rolled corn was 
0.98 Mcal/lb (NASEM, 2016), the comparative 
NEm values for rye were estimated as follows 
(Estrada-Angulo et al., 2019): Rye NEm, 
Mcal/kg = [(test diet paNEm – control diet 
paNEm)/RYEy] + 2.17, where RYEy represents 
the inclusion of rye that replaced dry-rolled corn 
in the diet (0.1991, 0.3993, and 0.6004), 
respectively. The same was done for NEg, 
assuming the dry-rolled corn had a NEg value 
(Mcal/lb) of 0.68 (NASEM, 2016). Associative 
effects of feeding combinations of DRC and Rye 
on ADG and G:F were determined by 
subtracting the observed performance from the 
expected values (Huck et al., 1998). Expected 
ADG for steers fed 20% Rye was calculated as 
(0.667 × ADG for steers fed 60:0) + (0.333 × 
ADG for steers fed 0:60). The same formula was 
used to calculate ADG for the two-thirds Rye 
combination. Similar formulas were used to 
calculate the associative effect of gain to feed. 
Statistical analysis 
Growth performance, carcass traits, and 
efficiency of dietary energy utilization were 
analyzed as a completely randomized design 
using the MIXED procedure of SAS 9.4 (SAS 
Inst. Inc., Cary, NC) with pen as the 
experimental unit. The model included fixed 
effect of dietary treatment. Least squares means 
were generated using the LSMEANS statement 
of SAS and treatment effects were evaluated 
using orthogonal polynomials (Steel and Torrie, 
1960). Dry matter intake was evaluated in the 
MIXED procedure of SAS 9.4, using repeated 
measures, the model included the fixed effects 
of treatment, day, and their interaction; day was 
included as the repeated variable; pen was 
considered the experimental unit. The 
covariance structure with the lowest Akaike 
information criterion was used. Distribution of 
USDA Yield and Quality grade, as well as liver 
abscess severity and prevalence data were 
analyzed as binomial proportions in the 
GLIMMIX procedure of SAS 9.4 with fixed 
effects in the model as described previously. An 
α of 0.05 or less determined significance and 
tendencies are discussed between 0.05 and 0.10. 
RESULTS AND DISCUSSION 
Animal growth performance 
During the adaption phase (d 1 to d 19), Rye 
increased ADG (P = 0.01) and reduced F:G (P = 
0.01) as shown in Figure 1. Over the course of 
the experiment, DMI for 20:40 and 0:60 
plateaued resulting in linear decreases in DMI 
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with increased inclusions rate of rye (P = 0.02, 
Figure 2). 
The effect of replacing DRC with Rye on animal 
growth performance and dietary energy are 
shown in Table 2. Replacement of DRC with 
Rye decreased (linear effect, P = 0.01) carcass-
adjusted final BW, decreased (linear effect, P = 
0.01) DMI, increased (linear effect, P = 0.01) 
F:G, and decreased (linear effect, P ≤ 0.01) 
observed dietary NE.  
Replacement of DRC with Rye did not influence 
(P ≥ 0.31) observed/expected dietary NE. The 
lack of differences for observed/expected dietary 
NE ratio lends support to the reliability of 
tabular NE values for feed ingredients used in 
the present study. Based on observed 
performance from d 19 to 117 (the time the 
steers were on the final diet and DMI was near 
the steers acclimated plateau), the estimated 
replacement NEm and NEg value for Rye were 
86.18 and 56.69 Mcal/cwt, respectively (Table 
2). The positive associative effect for replacing 
one-third of the DRC with Rye for ADG and 
G:F was 3.8 and 3.1 percent, respectively. This 
is consistent with the 9.5 and 12.8% increased 
NEm and NEg estimates observed in this study 
for rye fed at 20% of diet DM compared to 60% 
inclusion.  
Carcass trait responses 
Treatment effects on carcass characteristics and 
liver abscess severity and prevalence are shown 
in Table 3. Replacement of DRC with Rye 
decreased (linear effect, P ≤ 0.04) HCW, REA, 
and final BW adjusted to 28% EBF. 
Replacement of DRC with Rye decreased 
dressing percentage (quadratic effect, P = 0.02), 
with responses maximal at the 20:40 and 0:60 
level. There were no treatment effects (P ≥ 0.09) 
on distribution of USDA Yield or Quality 
Grade, or liver abscess prevalence or severity. 
Implications and future questions 
Our results show that hybrid rye can be 
successfully fed to finishing beef steers. Blends 
of two-thirds DRC to one-third rye were the 
optimal inclusions rate of hybrid rye in the 
current experiment compared to increased 
inclusions of hybrid rye. It is interesting that a 
2:1 blend corn to rye that was the optimal rye 
blend in this study matches up very closely with 
expected production corn and cereal rye when 
switching from a corn-soybean rotation to a 
three crop rotation. For instance, if an acre of 
corn yields 200 bu and hybrid rye yields 100, the 
ratio of total production of corn to rye is 2:1. 
We still have unanswered questions as to how to 
most effectively utilize this novel feedstuff. One 
of the questions we had concerned the degree of 
processing required for hybrid rye. We 
conducted a follow-up study at the SDSU 
Ruminant Nutrition Center in Brookings where 
we fed finishing heifers unprocessed rye grain at 
60% of DM. We found that feeding whole rye 
tended to increase DMI but reduced ADG and 
feed efficiency so that the NE value of whole rye 
was 21% less than DRC and 9% less than the 
NE values for processed rye we observed in this 
study at SERF (Buckhaus et al., 2021). 
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Table 1. Composition of experimental finishing diets fed to steers from d 19 to 117 (DM 
basis). 
 DRC:Rye grain inclusion (DM basis) 
Item 60:0 40:20 20:40 0:60 
Ingredient composition (%, DM)  
Dry rolled corn 60.34 40.33 20.22 0.00 
Hybrid rye 0.00 19.91 39.93 60.04 
MDGS1 18.90 18.95 19.00 19.04 
Corn silage 16.84 16.89 16.93 16.97 
Liquid Supplement2 3.91 3.92 3.93 3.94 
Nutrient composition (DM basis)3  
NEM, Mcal/cwt 94.20 91.40 88.59 85.75 
NEG, Mcal/cwt 63.82 61.42 59.01 56.59 
CP, % 12.78 13.62 14.47 15.32 
NDF, % 18.90 20.91 22.94 24.98 
ADF, % 9.88 11.10 12.32 13.54 
Ash, % 4.83 4.92 5.01 5.09 
Ether extract, % 4.69 4.35 4.01 3.67 
1 MDGS, modified distillers grains plus solubles 
2 Provided 30 g/ton of monensin as well as vitamins and minerals to exceed requirements 
(NASEM, 2016) 
3 Tabular NE from (Preston, 2016) and actual nutrient compositions from weekly assays 









Table 2. Influence of replacing dry-rolled corn (DRC) with Rye grain on growth performance and dietary 
energy of feedlot steers. 
 DRC:Rye grain inclusion, % DM basis  P –value 
 60:0 40:20 20:40 0:60 SEM 0 vs. Rye Linear Quadratic 
Pens, n  6 6 6 6 - - - - 
Steers, n 59 59 60 60 - - - - 
Cumulative         
Initial BW, lb1 885 890 892 896 - - - - 
Final BW, lb2 1432 1429 1393 1367 10.8 0.01 0.01 0.32 
ADG, lb 4.68 4.60 4.28 4.03 0.094 0.01 0.01 0.36 
DMI, lb 28.01 27.71 27.29 26.74 0.148 0.01 0.01 0.42 
F:G 6.01 6.03 6.38 6.63 0.110 0.01 0.01 0.32 
G:F 0.167 0.166 0.157 0.150 0.0030 0.02 0.01 0.38 
Energetics assessment period (d19 to 117)       
d 19 BW, lbs1 941 952 963 972 5.0 0.01 0.01 0.84 
Final BW, lb2 1432 1429 1393 1367 10.8 0.01 0.01 0.32 
ADG, lb 5.01 4.86 4.38 4.03 0.117 0.01 0.01 0.40 
Associative 
effect, %3 
 3.8 0.5      
DMI, lb 29.40 29.02 28.51 27.86 0.176 0.01 0.01 0.43 
F:G 5.89 5.99 6.51 6.92 0.128 0.01 0.01 0.25 
G:F 0.170 0.167 0.154 0.145 0.0034 0.01 0.01 0.39 
Associative 
effect, %3 
 3.1 0.7      
Observed dietary NE, Mcal/cwt      
Maintenance 93.98 93.20 89.71 86.54 1.225 0.01 0.01 0.34 
Gain 63.82 63.14 60.08 57.30 1.075 0.01 0.01 0.34 
Observed/Expected dietary NE ratios      
Maintenance 0.99 1.02 1.01 1.01 0.014 0.31 0.65 0.36 
Gain 1.00 1.03 1.02 1.01 0.018 0.35 0.73 0.35 
Estimated NE value of Rye, Mcal/cwt      
Maintenance - 94.35 87.54 86.18 - - - - 
Gain - 63.96 58.06 56.70 - - - - 
1 Body weight (BW) was shrunk 4% to account for digestive tract fill. 
2 Calculated as: HCW/0.625. 








SERF AR 2031 
135 
 
Table 3. Influence of replacing dry-rolled corn (DRC) with Rye grain on carcass traits and liver abscess 
prevalence in feedlot steers. 
 DRC:Rye grain inclusion, % DM 
basis 
 P –value 
 60:0 40:20 20:40 0:60 SEM 0 vs. Rye Linear Quadratic 
Carcass Traits        
Final BW, lb1 1489 1509 1491 1459 11.4 0.82 0.05 0.04 
HCW, lbs 895 892 871 855 6.7 0.01 0.01 0.33 
DP, %2 60.10 59.12 58.42 58.56 0.221 0.01 0.01 0.02 
RF, in 0.51 0.51 0.51 0.49 0.014 0.78 0.46 0.55 
REA, in2 12.91 13.12 12.72 12.53 0.155 0.52 0.04 0.22 
Marbling 474 478 485 445 11.3 0.74 0.14 0.07 
KPH, % 1.79 1.80 1.81 1.79 0.014 0.59 0.71 0.48 
YG 3.40 3.32 3.37 3.32 0.063 0.43 0.54 0.85 
RY3, % 49.67 49.83 49.72 49.82 0.136 0.46 0.60 0.82 
EBF4, % 30.29 30.19 30.43 29.78 0.253 0.59 0.27 0.29 
AFBW5, lb 1321 1320 1281 1279 9.9 0.02 0.01 0.99 
YG dist.      P - value 
1, % 1.67 0.00 0.00 0.00 0.833  0.41  
2, % 13.70 23.89 11.67 21.67 5.261  0.31  
3, % 64.26 64.26 78.33 70.00 8.218  0.59  
4, % 20.37 11.85 10.00 8.33 5.453  0.43  
QG dist.         
Select, % 20.56 15.00 13.33 30.00 4.966  0.11  
Choice, % 50.37 50.93 53.34 48.33 7.590  0.97  
Prem. Ch.,% 29.07 34.07 30.00 21.67 6.517  0.60  
Prime, % 0.00 0.00 3.33 0.00 1.054  0.09  
Liver Scores        
Normal, % 69.44 74.63 65.00 70.00 4.909  0.60  
A-, % 13.52 5.00 13.33 13.33 4.419  0.46  
A, % 8.52 10.00 6.67 6.67 3.360  0.87  
A+, % 8.52 10.37 15.00 10.00 4.365  0.75  
1 Live BW from d 117 pencil shrunk 4%. 
2 Calculated as: [(HCW/Final BW) × 100]. 
3 Retail yield 
4 Empty body fat, % 

















Figure 1. Average daily gain and feed efficiency during adaptation phase (d 1 to d 18) 
 


























Adaptation period ADG and F:G (d 1 to d 18)
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DRC:Rye, P = 0.01 
